EP 2 882 336 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 882 336 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
26.06.2019 Bulletin 2019/26
Application number: 13827672.0

Date of filing: 14.03.2013

(51) IntClL:

(86)

(87)

A61B 5/053 (2006.01)
AG61B 5/00 (2006.07)
A61B 18/02 (2006.01)

A61B 18/14 (2006.01)
A61B 18/12 (2006.01)
A61B 18/18(2006.01)

A61B 18/20 (2006.01) AB1M 25/00 (2006.07)
A61B 34/00 (2016.01) A61B 17/22 (2006.01)
A61M 25/01 (2006.07) A61M 25/06 (2006.07)
A61M 39/1(0 (2006.07)

International application number:

PCT/US2013/031252

International publication number:
WO 2014/025394 (13.02.2014 Gazette 2014/07)

(54) CATHETER SYSTEMS FOR PUNCTURING THROUGH A TISSUE STRUCTURE
KATHETERSYSTEME ZUR PUNKTIERUNG DURCH EINE GEWEBESTRUKTUR
SYSTEMES DE CATHETER DE PERFORATION A TRAVERS UNE STRUCTURE DE TISSU

(84)

(30)

(43)

(73)

Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 09.08.2012 US 201261681552 P

Date of publication of application:
17.06.2015 Bulletin 2015/25

Proprietor: University of lowa Research
Foundation
lowa City, IA 52242-5500 (US)

(72)

(74)

(56)

Inventor: MICKELSEN, Steven Richard
lowa City, IA 52246 (US)

Representative: Cooley (UK) LLP
Dashwood

69 Old Broad Street

London EC2M 1QS (GB)

References cited:

WO-A1-2009/082710 US-A- 5 895 404
US-A- 5895 404 US-A1- 2004 049 182
US-A1- 2004 236 360 US-A1- 2006 015 165
US-A1- 2007 173 878 US-A1-2008 300 574
US-A1- 2008 300 574 US-A1- 2009 105 654

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 882 336 B1 2

Description
FIELD
[0001] Thisinvention relates to percutaneous catheter

systems and ablation catheters. More particularly, this
invention relates to percutaneous catheter systems for
puncturing through a tissue structure within the body of
a subject and to ablation catheters for ablating a selected
tissue region within the body of a subject.

BACKGROUND

[0002] Atrial fibrillation can be treated by isolating por-
tions of the atria. Such isolation of the atria can be done
by open-heart surgery (e.g., a modified Maze procedure)
or, most commonly, by a trans-venous catheter tech-
nique. In the majority of cases, the doctor cauterizes the
left atrial muscle tissues using radiofrequency ablation
techniques, with the ablation lesion targeting and/or cir-
cumscribing the pulmonary veins. Isolation of these an-
atomic portions of atria prevents the electrical propaga-
tion of the arrhythmia into the remainder of the atria. The
operator places electrophysiologic catheters into the
right heart. Under fluoroscopic guidance, a catheter is
advanced adjacent to the atrial septum. In most cases,
a puncture of the atrial septum (right to left) is made with
a specialized needle catheter. A guide-wire is then ad-
vanced into the left atrium.

[0003] The trans-septal catheter is removed and a
guide catheter is delivered over the wire into the left atri-
um. An ablation catheter is then advanced into the left
atrium under fluoroscopic guidance. Typically, electro-
physiologists use additional imaging and mapping tech-
nology to improve safety and efficacy of the procedure,
such as intercardiac ultrasound, cardiac CT, or non-con-
tact mapping systems. Once the ablation/mapping cath-
eters are in the left atrium, the operator delivers radiof-
requency energy to the target sites. The operator moves
the ablation catheter in a point-by-point fashion connect-
ing the lesions to effectively electrically isolate the pul-
monary veins from the rest of the atrium.

[0004] These known procedures typically take 3-6
hours to complete. The procedural success varies be-
tween operators and patient selection (success rate is
between 50-85% for a single attempt). A substantial mi-
nority of patients requires subsequent ablation proce-
dures to "touch up" the prior ablation site. The cost of
these procedures is highly variable and increases sub-
stantially with duration of procedure and the addition of
adjuvant imaging/mapping technology. The current pro-
cedures are associated with a 5-6% risk of procedural
complications, including a 1/200 risk of stroke due to the
need to instrument (i.e., place one or more medical de-
vicesinto) the leftatrium. Other concerning complications
include cardiac perforation, tamponade, pulmonary vein
stenosis, and atrial-esophageal fistula. Despite attempts
to simplify and streamline the procedure, the anatomic
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variations of the left atrium and pulmonary veins have
limited the utility of alternative ablation techniques.
[0005] Known epicardial techniques for atrial fibrillation
also have various limitations. For example, most current
epicardial ablation strategies require the operator to
blindly navigate recesses of the pericardial space with
an ablation catheter, and reflections of the pericardial
anatomy pose an obstacle to delivery of a single contig-
uous lesion 30 using these techniques. (See the broken
line in Fig. 1.) Thus, the pericardial anatomy greatly limits
the efficacy and technical ease of current pericardial/ep-
icardial catheter-based procedures.

[0006] Although the membranous reflections of the
pericardial space that must be breached are very thin
and relatively avascular, the angle, spatial limitations,
and relative orientation of the surgical access point to the
adjacent pericardial reflections do not facilitate simple
puncture with a blunt catheter or a standard needle.
Moreover, the large vessel and cardiac chambers adja-
cent to the pericardial reflections make the proposition
of blind puncture with conventional catheters very risky.
[0007] Currently known cardiac ablation catheters typ-
ically require frequent repositioning and/or advanced
noncontact mapping techniques to identify incomplete
segments in the ablation lesion. For epicardial tech-
niques performed from the pericardial space, such ma-
nipulation is fraught with danger and technical limitations.
Standard unipolar applications require an externalized
grounding pad that results in a diffuse or spherical virtual
electrode. Current bipolar ablation techniques utilize
electrode pairs that are in close proximity, require the
use of cumbersome equipment, and often require entry
into both the pericardium and the left atrial blood pool.
[0008] Accordingly, there is a need in the pertinent art
for devices, systems, and methods for efficiently and re-
liably locating and puncturing pericardial reflections.
There is a further need in the pertinent art for devices,
systems, and methods for delivering a single contiguous
lesion within the pericardial space without the need for
repositioning of equipment.

[0009] US 5895404 A discloses apparatus and meth-
ods for percutaneously forming a passageway between
adjacent vessels, a vessel and an organ, or different re-
gions of an organ comprising first and second catheters
carrying distally positioned electromagnets. The firstand
second catheters are percutaneously advanced to posi-
tions within a body so that the distal end faces oppose
one another and magnetically attract one another, caus-
ing the lumens of the catheters to become aligned. A
cutting wire is then advanced out of the first lumen,
through the thickness of the tissue captured between the
catheters, and into the second lumen.

[0010] US2007173878 A1 discloses a catheter system
for creating a fistula between blood vessels, using a first
catheter with a piercing tool adjacent its distal end, and
a second catheter with a receptor adjacent its distal end.
The receptor includes an opening and a channel provid-
ing a guide surface for receiving the piercing tool. The
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receptor and piercing tool include one or more magnets
to draw the piercing tool into the channel of the receptor.
The piercing tool and the receptor are provided with a
complementary configuration, such as a mating conical
shapes. A third catheter may be provided with a double
balloon for use in sealing off the fistula site. The piercing
tool may be provided on a metal guidewire that includes
a lumen with a distal opening. The piercing tool may in-
clude a base and a needle coupled to the base ata nom-
inal angle of atleast about 20-degrees. The piercing tool
may be selectively moved between an extended position
wherein the needle is positioned outside the guidewire
at the nominal angle and a retracted position wherein the
needle is positioned substantially within the guidewire.
[0011] US2004049182 A1 discloses a surgical device,
comprising: a relatively short shaft defining a distal end
and a proximal end; a handle associated with the proxi-
mal end of the shaft; a distal member associated with the
distal end of the shaft including a flexible region and a
malleable region; and an operative element carried by
the distal member, wherein the operative element com-
prises a plurality of spaced electrodes extending over the
flexible region and the malleable region.

SUMMARY

[0012] Theinventionis definedin appended independ-
ent claim 1, preferred embodiments are described in the
dependent claims.

[0013] Described herein is a percutaneous catheter
system including first and second catheters. Each cath-
eter can include a longitudinal axis, a longitudinal length,
a proximal portion, and a distal portion. The distal portion
of each catheter defines a distal end of its respective
catheter. Each catheter defines at least one lumen ex-
tending from an opening of the distal end of the catheter
toward the proximal portion of the catheter along the lon-
gitudinal length of the catheter. Each catheter has a mag-
net assembly positioned proximate the distal end of the
catheter and operatively coupled to the distal portion of
the catheter. Optionally, the magnet assembly of each
respective catheter can be permanently and/or fixedly
attached to a flexible extension mounted within a lumen
of the catheter. The magnet assembly of the first catheter
is configured for magnetic coupling to the magnet as-
sembly of the second catheter such that the longitudinal
axis of the first catheter is substantially axially aligned
with the longitudinal axis of the second catheter. The
magnet assemblies of the first and second catheters can
be configured for magnetic coupling to one another
through a tissue structure, such as, for example, a peri-
cardial reflection.

[0014] Methods of puncturing through a tissue struc-
ture are also described. In exemplary methods, the per-
cutaneous catheter system can permit an operator to de-
liver a guidewire around target structures, thereby facil-
itating the deployment of an over-the-wire ablation cath-
eter system. The catheter systems provide means for
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delivering a single isolating lesion around the pulmonary
veins using a subxiphoid pericardial access point The
circumscribing lesion can be produced by any currently
known energy sources, including radiofrequency (RP),
cryoablation,

electroporation, microwave, laser, and ultrasound ener-
gy sources. However, the circumscribing lesion can also
be produced by a non-energetic ablation.

[0015] In exemplary methods, extended bipolar appli-
cation of high voltage ultra short direct current impulses
(HVUS-DCI) are used. These impulses produce brief but
extremely strong electric fields within the tissue leading
to irreversible electroporation (IE), cell death, and injury.
However, it should be noted that the total energy applied
is relatively low averaging (estimated range 0.025J to
45J per pulse). At these energy levels there is very little
tissue heating. Thus the mechanism of tissue injury is
non-thennal; this is in contrast to RF ablation, which pro-
duces thermal tissue ablation through resistive heating.
[0016] Also described hereinis an ablation catheter for
ablating a selected tissue region. The ablation catheter
can have a flexible elongate shaft and a plurality of elec-
trodes spaced along a longitudinal length of the flexible
elongate shaft. The flexible elongate shaft has a longitu-
dinal axis, a longitudinal length, a proximal portion, a cen-
tral portion, and a distal portion, with the central portion
being positioned between the proximal portion and the
distal portion along the longitudinal length of the flexible
elongate shaft. The elongate shaft can also define a pri-
mary lumen (and, optionally, one or more secondary lu-
mens) of the ablation catheter. The plurality of electrodes
can be positioned exclusively within the central portion
of the elongate shaft. The electrodes can be separated
by high impedance structures. The flexible elongate shaft
can be selectively positioned within the body of a subject
such that the central portion of the elongate shaft at least
partially surrounds the selected tissue region and the
proximal and distal portions of the elongate shaft are po-
sitioned external to the body of the subject. Upon posi-
tioning of the elongate shaft in this manner, each elec-
trode of the plurality of electrodes is configured for se-
lective, independent activation to apply ablative energy
to the selected tissue region. Each of the highimpedance
structures is configured for selective, independent acti-
vation to intersect the theoretic field lines created by sur-
rounding electrodes. An ablation catheter system includ-
ing an ablation catheter, one or more signal generators,
and a routing console is also described.

[0017] Further described herein are methods of ablat-
ing the selected tissue region. In exemplary methods,
the ablation catheter can be deployed into the pericardial
space with both the proximal and distal portions of the
catheter outside the body. The ablation catheter can be
more flexible than other clinically available catheter-
based ablation devices to thereby permit tissue contact
around the left atrial structures. The electrodes of the
ablation catheter can be capable of monitoring and/or
delivering RF energy, electroporation impulses, and pro-
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grammed cardiac pacing and/or neuro-stimulus. Unlike
other known ablation catheters, the electrodes of the de-
scribed ablation catheter also can have the capability of
delivering extended bipolar high voltage, ultra-short im-
pulses. The feature of individualizing the activation of
each extended bipolar electrode can take advantage of
the natural geometry inside the pericardial space to de-
liver energy to a series of electrodes arranged around
the target structure and control the vector of the electrical
current.

[0018] Once the ablation catheter is deployed, a linear
lesion can be created without repositioning the catheter,
thereby increasing efficiency and effectiveness (when
compared to standard point-by-point techniques). This
ablation catheter can provide a stable and contiguous
array of electrodes along the target path that can deliver
ablation and can also be used to confirm electrophysio-
logic block using an extended bipolar electrocardio-
graphic technique. The ablation catheter takes advan-
tage of the natural contours of the left atrial epicardial
surface to provide reliable and stable electrode contact.
Additionally, the high-voltage, ultra-short duration im-
pulses used in electroporation techniques do not require
that the electrode be in direct contact with the ablation
target.

[0019] Moreover, the epicardial positioning can have
mechanical advantages over endocardial multi-elec-
trode arrays. Indeed, the positioning of the described ab-
lation catheter can be varied with little effort to provide
full circumferential coverage around a target structure.
The flexibility of the ablation catheter provides a mech-
anism for ensuring secure tissue contact and/or tissue
proximity around complex anatomic geometry. The nat-
ural spatial limitation of the pericardial space can provide
a natural mechanism to assure electrode approximation.
In addition, high impedance structures (e.g., insulators)
found along the ablation catheter can change the contour
ofthe current moving between electrodes. Such changes
to the contour can lead to an increased current density
at the farthest point along the flow of current and the
electrodes.

[0020] The risks of performing ablation from the epi-
cardial surface can place the electrodes of the ablation
catheter closer to some important bystander structures.
However, the electrodes of the ablation catheter can be
configured to deliver ablative energy with programmed
directional vectors. With RF energy, extended bipolar ab-
lation canresultin a40-50% deeper lesionin the direction
of the programmed vector. With electroporation, the po-
tential for creating a preferential directional injury vector
is greater. In exemplary methods, extended bipolar irre-
versible electroporation (which cause no thermal injury)
can be delivered.

[0021] These and other objects and advantages of the
invention will become apparent from the following de-
tailed description of the preferred embodiment of the in-
vention.

[0022] Both the foregoing general description and the
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following detailed description are exemplary and explan-
atory only and are intended to provide further explanation
of the invention as claimed. The accompanying drawings
are included to provide a further understanding of the
invention and are incorporated in and constitute part of
this specification, illustrate several embodiments of the
invention, and together with the description serve to ex-
plain the principles of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0023] These and other features of the preferred em-
bodiments of the invention will become more apparent
in the detailed description in which reference is made to
the appended drawings wherein:

Fig. 1 depicts the posterior pericardial anatomy with
a membranous reflection illustrating a hypothetical
lesion delivered to the left atria (note: heart is absent
from the illustration).

Fig. 2 is a perspective view of a percutaneous cath-
eter system according to an aspect.

Fig. 3 is a schematic plane view of a percutaneous
catheter system according to an aspect.

Fig. 4 is a cross sectional view of a catheter of the
system of Fig. 3 along line 4-4.

Figs. 5a-f are a series of cross sectional views of a
portion of the catheter of the system of Fig. 3.

Fig. 6 is a cross sectional view of a portion of a cath-
eter of the system of Fig. 3.

Figs. 7a-b are cross sectional views of the assembly
of a portion of a catheter of system Fig. 3.

Fig. 8 is a cross sectional view of the portion of the
catheter of assembled in Figs. 7a-b.

Fig. 9 is a perspective view of a needle of the per-
cutaneous catheter system of Fig. 2.

Fig. 10 is a schematic plane view of a needle of the
percutaneous catheter system of Fig. 3.

Fig. 11 is a cross sectional view of a portion of a
catheter of the percutaneous catheter system of Fig.
3.

Fig. 12 is a schematic view of a needle of the percu-
taneous catheter system of Fig. 3.

Fig. 13 is aschematic plane view of docked catheters
of percutaneous catheter system of Fig. 3.
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Fig. 14 is a cross-sectional schematic view of the
"docked" catheter system of Fig. 13.

Fig. 15is a depiction of a process to puncture a tissue
structure using a percutaneous catheter system ac-
cording to an aspect

FIGS. 16-23 are illustrations of the placement and
use of a percutaneous catheter system according to
an aspect.

Fig. 24 is a depiction of a process to puncture a tissue
structure using percutaneous catheter system ac-
cording to an aspect.

Fig. 25is a schematic representation of the entry site
for the process shown in Fig. 15.

Fig. 26 is a depiction of a process to position a per-
cutaneous catheter system according to an aspect.

Fig. 27 depicts an exemplary ablation catheter ac-
cording to an aspect.

Fig. 28 is a schematic representation of an ablation
catheter according to an aspect.

Fig. 29 is a partial close-up view of a central portion
the ablation catheter of Fig. 27.

Fig. 30 is a schematic cross-sectional view of a prox-
imal end of an ablation catheter according to an as-
pect.

Fig. 31is a schematic cross-sectional view of a distal
end of an ablation catheter according to an aspect.

Fig. 32is a partial close-up view of the central portion
of the ablation catheter of Fig. 27.

Fig. 33 depicts the positioning of an ablation catheter
during an exemplary ablation procedure as de-
scribed herein.

Fig. 34 is a schematic representation of an ablation
catheter positioned around the heart according to an

aspect.

Fig. 35 is a depiction of a process to position and
use an ablation catheter according to an aspect.

FIGS. 36-38 are illustrations of the placement and
use of an ablation catheter according to an aspect.

Fig. 39 is a block diagram of an exemplary ablation
catheter system according to an aspect.

Fig. 40 is a schematic front plane view of a routing
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console according to an aspect.

Fig. 41 is a block diagram of a routing console of Fig.
40.

Fig. 42 is a schematic front plane view of a signal
generator according to an aspect.

Fig. 43 is a block diagram of a signal generator of
Fig. 42,

Fig. 44 is a block diagram of an exemplary computer
system according to an aspect..

Fig. 45 is an illustration of a graphic representation
of a high-voltage impulse window according to an
aspect.

Fig. 46 is a depiction of a process to position and
use an ablation catheter according to an aspect

Figs. 47a-c are schematic representations of epicar-
dial ablation techniques.

Fig. 48 is a schematic representation of an ablation
catheter with electrodes according to an aspect.

Fig. 49 is a schematic representation of an ablation
catheter with electrodes and a high impedance struc-
ture according to an aspect.

Figs. 50-51 are schematic representations of a cross
section of the ablation catheter according to an as-
pect.

Figs. 52a-c is a schematic representation of an ab-
lation catheter with electrodes and a high impedance
structure according to an aspect.

Figs. 53a-d display exemplary electrode assign-
ments according to an embodiment.

DETAILED DESCRIPTION

[0024] The presentinvention can be understood more
readily by reference to the following detailed description,
examples, drawings, and claims, and their previous and
following description. However, before the present de-
vices, systems, and/or methods are disclosed and de-
scribed, it is to be understood that this invention is not
limited to the specific devices, systems, and/or methods
disclosed unless otherwise specified, and, as such, can,
of course, vary. It is also to be understood that the ter-
minology used herein is for the purpose of describing
particular aspects only and is not intended to be limiting.
[0025] As used throughout, the singular forms "a," "an"
and "the"include plural referents unless the contextclear-
ly dictates otherwise. Thus, for example, reference to "a
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delivery conduit" can include two or more such delivery
conduits unless the context indicates otherwise.

[0026] As used herein, the terms "optional" or "option-
ally" mean that the subsequently described event or cir-
cumstance may or may notoccur, and that the description
includes instances where said event or circumstance oc-
curs and instances where it does not.

[0027] The word "or" as used herein means any one
member of a particular list and also includes any combi-
nation of members of that list.

[0028] It is contemplated that the disclosed devices
and systems can comprise elements of the devices and
systems described in U.S. Patent No. 6,314,963.
[0029] It is contemplated that the percutaneous cath-
eter system 10 and ablation catheter 20 of the present
invention can allow an operator to deliver a single isolat-
ing lesion around the pulmonary veins of a subject using
a subxiphoid pericardial access point. The circumscrib-
ing lesion can be produced by any of the currently avail-
able energy sources, including, for example and without
limitation, HYUS-DCI, RF, cryoablation, electroporation,
microwave, laser, biologies, radiation, small molecule
chemicals (e.g., ethanol ablation) and ultrasound. How-
ever, itis contemplated that the circumscribing lesion can
be produced by any ablative energy source. In use, it is
contemplated that, once an operator achieves a stable
catheter position for the ablation catheter 20, delivery of
a single circumscribing lesion 30 around the pulmonary
veins (as shown in Fig. 1) of the subject can become
much simpler. The atrial fibrillation ablation technique de-
scribed herein can require fewer steps, catheters, time,
and equipment than conventional atrial fibrillation abla-
tion techniques. Further, it is contemplated that the de-
scribed percutaneous catheter system 10 can minimize
or avoid the need for expensive advanced mapping and
imaging equipment; instead, the described percutaneous
catheter system 10 can permitusage of a purely anatomic
approach. Consequently, it is contemplated that the de-
scribed percutaneous catheter system can minimize the
expense of atrial fibrillation ablation, thereby making atri-
al fibrillation ablation to a larger population of patients.

Catheter System for Puncturing Through a Tissue Struc-
ture

[0030] With reference to Figs. 2-24, disclosed herein,
is a percutaneous catheter system 10 for use within the
body of a subject. In one aspect, the percutaneous cath-
eter system 10 comprises a first catheter 100 and a sec-
ond catheter 200. The first catheter 100 can be referred
to as the male catheter 100 and the second catheter 200
can be referred to as the female catheter 200. In this
aspect, the first catheter 100 and the second catheter
200 can each have respective longitudinal axes 102, 202,
longitudinal lengths 104, 204, proximal portions 106, 206,
and distal portions, 108, 208. In exemplary aspects, the
first and second catheters 100, 200 can each have a
longitudinal length 104, 204 ranging from about 20 cm
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to about 50 cm. In another exemplary aspect, the longi-
tudinal length 104, 204 of the first catheter 100 and the
second catheter 200 are approximately the same. While
the length of the catheters 100, 200 in relation to one
another is not critical in many aspects, it is important that
the catheters 100, 200 are configured to work as a pair.
However, the lengths of the catheters 100, 200 collec-
tively need to have a combined length thatis long enough
to reach the key areas of the anatomy for which the cath-
eter system 10 is being used. In these aspects, it is con-
templated, following magnetic coupling between the first
catheter 100 and the second catheter 200, the total length
of the first catheter 100 and the second catheter 200 can
range from about 40 cm to about 100 cm.

[0031] In other exemplary aspects, at least one of the
first catheter 100 and the second catheter 200 can be
flexible. In other exemplary aspects, both the first cath-
eter 100 and the second catheter 200 can be flexible.
The catheters 100, 200 should be comprised of a material
thatis also kink resistant. In an aspect, the catheters 100,
200 can be comprised of kink resistant material such as
expanded PTFE and/or more standard biocompatible
materials (coil reinforced silicon, PFA, Pebax, and/or
PVC). The construction can utilize expanded PTFE with
progressively decreasing density distally, however other
construction techniques could be employed. The stiffer
proximal segment provides necessary column strength
and transmission of torsional force for navigation. In an
aspect, the distal portions 106 (which can range between
10-20 cm) are more flexible to permit a-traumatic manip-
ulation and navigation by over the wire techniques
through tortuous anatomy. In some embodiments, in or-
der to prevent kinking, braided reinforcement, as well as
other types of reinforcement, can be utilized.

[0032] In an exemplary aspect, the first and second
catheters 100, 200 are configured to be flexible enough
so that the catheters 100, 200 can permit a 180° turn
around a 1.5 cm obstacle. However, the catheters 100,
200 can be made to perform to other standards (e.g.,
perform 180° turns around various sized obstacles) in
other exemplary embodiments.

[0033] In another aspect, the distal portion 108 of the
first catheter 100 can define a distal end 110 of the first
catheter 100. In an aspect, the distal end 110 can have
a nominal outer diameter between 1mm to 5mm to ac-
commodate a magnet assembly 120. In this aspect, the
distal end 110 of the first catheter 100 can define an open-
ing 112. In an aspect, the end of the proximal portion 106
is configured to be larger than the distal end 110 in order
to facilitate the manipulation of the catheter 100 at the
handle 140, discussed in more detail below.

[0034] In an additional aspect, the first catheter 100
can define at least one lumen 116, 118 extending from
the opening 112 of the distal end 108 toward the proximal
portion 106 of the first catheter 100 along atleast a portion
of the longitudinal length 104 of the first catheter 100.
The lumen can be defined by an outer shaft 115 of the
catheter 100. In a further aspect, the first catheter 100
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can comprise a first magnet assembly 120 positioned
proximate the distal end 110 of the first catheter 100 and
operatively coupled to the distal portion 108 of the first
catheter 100.

[0035] In another aspect, the distal portion 208 of the
second catheter 200 can define a distal end 210 of the
second catheter 200. In an aspect, the distal end 210
can have a nominal outer diameter between 1mmto 5mm
to accommodate a magnet assembly 220. In an aspect,
the distal end 210 of the second catheter 200 can define
an opening 212. In an aspect, the end of the proximal
portion 206 is configured to be larger than the distal end
210 in order to facilitate the manipulation of the second
catheter 200 through the use of a handle 240, discussed
in more detail below.

[0036] Inan additional aspect, the second catheter 200
can define at least one lumen 216, 218 extending from
the opening 212 of the distal end 210 toward the proximal
portion 206 of the second catheter 200 along at least a
portion of the longitudinal length 204 of the second cath-
eter 200. The lumen 216, 218 can be defined by an outer
shaft 215 of the second catheter 200. In a further aspect,
the second catheter 200 can comprise a second magnet
assembly 220 positioned proximate the distal end 210 of
the second catheter 200 and operatively coupled to the
distal portion 208 of the second catheter 200.

[0037] In an exemplary aspect, the first catheter 100
and the second catheter 200 can have a nominal outer
diameter of 1 to 5mm and in other respects the geometry
of catheter 100 and 200 will be similar to provide a sym-
metric and complementary magnetic coupling surface for
the magnet assemblies 120,220. However, in other as-
pects, the outer diameter of the catheters 100, 200 can
vary. In an exemplary aspect, the first and second cath-
eters 100, 200 can have an inner diameter configured to
accommodate a needle tube 130 discussed in more de-
tails below. In an exemplary aspect, inner diameter of
the firstand second catheters 100, 200 can be configured
to accommodate a needle tube 130 of approximately
1.473 mm in diameter. However, in other aspects, the
inner diameter of the catheters 100, 200, as well as the
diameter of the needle tube 130, can vary. In other as-
pects, when magnetic coupling and guide wire transfer
are the only desired functions, the catheters 100/200 may
not have a needle component.

[0038] In an exemplary aspect, the first magnetic as-
sembly 120 of the first catheter 100 is configured for mag-
netic coupling to the second magnet assembly 220 of the
second catheter 200. In this aspect, it is contemplated
that the first magnetic assembly 120 can be configured
for magnetic coupling to the second magnet assembly
220 such that the longitudinal axis 102 of the first catheter
100 is substantially axially aligned with the longitudinal
axis 202 of the second catheter 200. Itis further contem-
plated that the first magnet assembly 120 can be config-
ured for magnetic coupling to the second magnet assem-
bly 220 through a tissue structure within the body of the
subject, discussed further below.
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[0039] Itis contemplated that the at least one lumen
of the first catheter 100 can comprise a primary lumen
116. Similarly, it is contemplated that the at least one
lumen of the second catheter 200 can comprise a primary
lumen 216. Optionally, in another exemplary aspect, the
at least one lumen of the first catheter 100 can further
comprise one or more auxiliary lumens 118. Similarly, it
is contemplated that the at least one lumen of the second
catheter 200 optionally can further comprise one or more
auxiliary lumens 218. In an aspect, the primary lumen
116, 216 and the auxiliary lumen 118, 218 can be sepa-
rate by an inner shaft 117,217 in each catheter 100, 200,
with the primary lumen 116, 216 being contained within
the inner shaft 117, 217, and the auxiliary lumen 118,
218 being contained between the inner shaft 117, 217
and the outer shaft 115, 215. The primary lumen 116,
216 can be configured to receive the needle tube 130.
In some aspects, the inner shaft 117, 217 can move up
and down the outer shaft 115, 215 of the catheters 100,
200 respectively.

[0040] Optionally, it is contemplated that the one or
more auxiliary lumens 118 of the first catheter 100 can
be configured for delivery of one or more fluids to the
opening 112 of the distal end 110 of the first catheter
100, while the one or more auxiliary lumens 218 of the
second catheter 200 can be configured for delivery of
one or more fluids to the opening 212 of the distal end
210 of the second catheter 200. Optionally, it is further
contemplated that the one or more auxiliary lumens 118
of the first catheter 100 can be configured for application
of suction to the opening 112 of the distal end 110 of the
first catheter 100, while the one or more auxiliary lumens
218 of the second catheter 200 can be configured for
application of suction to the opening 212 of the distal end
210 of the second catheter 200.

[0041] Inanotheraspect, the auxiliarylumens 118,218
can perform the delivery of fluids and the application of
suction through irrigation ports/side openings/side holes
119, 219 approximate the openings 112, 212 of the distal
ends 110, 210 of the catheters 100, 200. In one optional
exemplary aspect, the at least one lumen of the first cath-
eter 100 and/or second catheter 200 can comprise a pri-
mary lumen 116, 216 and an auxiliary lumen 118, 218,
with the auxiliary lumen 118, 218 radially surrounding the
primary lumen 116, 216.

[0042] In one aspect, the first catheter 100 can further
comprise a needle 130 operatively positioned within the
primary lumen 116 of the first catheter 100, as shown in
FIGS. 5e, 9-12 and 14. The needle 130 can further com-
prise a flexible tubular needle 130. In an exemplary as-
pect, the flexible tubular needle 130 can comprise a mod-
ified hypodermic needle spirally cut circumferentially
around a shaft 132 of the needle 130. The needle 130
can have a progressive pitch to the coil providing increas-
ing flexibility at a distal tip 134. The needle 130 can be
made of materials that include, but are not limited to,
metal, plastic, or other suitable compounds. In an aspect,
the needle 130 can be a composite with a coating to
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improve mechanical and/or functional characteristics
(examples include, but are not limited to, a lubricious pol-
ymer, insulator, electrical components, and/or biocom-
patible metals). A proximal portion of the needle 130 can
connect to a mounting hub, the inner shaft 117, and/or
other elements to provide a method of fixation within the
catheter 100 and/or a deployment mechanism 146 in the
catheter handle 140. In an exemplary aspect, the needle
130 is mounted to the inner shaft 117 of the first catheter
100. In other aspects, the needle 130 can extend the
length of the catheter 100. In additional aspects, the nee-
dle 130 can be connected to the inner wall of the outer
shaft 115 of the catheter 100.

[0043] In an exemplary embodiment, the tubular nee-
dle 130 can have a flexibility to accommodate a 1.5 cm
turn radius. However, in other aspects, the flexibility of
the needle 130 can vary depending on the needs of the
application. In one exemplary aspect, it is contemplated
that the needle 130 of the first catheter 100 can have a
distal puncturing surface 134 and be configured for se-
lective axial movement relative to the longitudinal axis
102 of the first catheter 100.

[0044] In an aspect, the distal tip 134 is configured to
serve as a puncturing surfaces 134. In an exemplary as-
pect, the puncturing surface 134 can be flared at a 45°
angle and OD 2.5 mm. However, in other aspects, the
puncturing surface 134 can be configured differently. It
is still further contemplated that the distal puncturing sur-
face 134 of the needle 130 of the first catheter 100 can
be configured to puncture through a tissue structure with-
in the body of the subject positioned between the distal
ends 110, 210 of the first and second catheters 100, 200
respectively when the ends 110, 210 are magnetically
coupled, discussed below.

[0045] Optionally, in one aspect, the needle 130 of the
first catheter 100 can be retractably secured within the
primary lumen 116 of the first catheter 100. In this aspect,
the needle 130 of the first catheter 100 can define a de-
livery lumen 138. In this aspect, the delivery lumen 138
of the needle 130 of the first catheter 100 can be config-
ured to receive a guide wire 300 (shown in Fig. 3). The
guide wire 300 can be utilized before and after the place-
ment of the catheters 100, 200. In this aspect, upon re-
ceipt of at least a portion 134 of the needle 130 of the
first catheter 100 within the opening 212 of the distal end
210 of the second catheter 200 (as shown in FIG. 14),
the delivery lumen 138 of the needle 130 of the first cath-
eter 100 can be configured to permit transfer of a guide
wire 300 from the first catheter 100 to the second catheter
200. 116

[0046] In an aspect, as illustrated in Figs. 3 and 6, the
handles 140, 240 are found approximate the proximal
ends 106, 206 of the catheters 100, 200. The handles
140, 240 can be made of a rigid material, such as, but
not limited to, machined aluminum, carbon fiber, and the
like. The handles 140, 240 provide the means of manual
manipulation of the catheters 100, 200 when in use. The
handles 140, 240 provide a place to apply force to ad-
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vance, withdrawal, and apply rotational torsion to cathe-
ters 100, 200.

[0047] As shown in Fig. 6, the handle 140 of the male
catheter 100 (i.e., the catheter 100 operating the needle
130) can include a proximal chamber 142 and a distal
chamber 144. In an aspect, the proximal chamber 142
can contain a stylus/integrated lever 146 that is connect-
ed to the inner shaft 117 of the catheter 100. The sty-
lus/integrated lever 146 allows for the independent ma-
nipulation of the needle 130 within the outer shaft 115 of
the catheter 100. In an aspect, the stylus 146 allows for
the independent manipulation of the inner catheter 117
to manipulate the needle 130 within the outer shaft 115
of the catheter 100. In a further aspect the control of the
inner shaft 117 by the integrated lever 146 provides a
means to transmit force distally and deploy the needle
130 through the central bore 122 of the magnetic assem-
bly 120. The stylus/integrated lever 146 can include a
compression spring 148 that ensures that the needle 130
is not deployed until actually called on by the user. In an
aspect, the spring 148 prevents the stylus/integrated le-
ver 146 from the inner shaft 117 from deploying the nee-
dle until called upon.

[0048] In an aspect, the integrated lever 146 includes
a rigid tube 150 connected to the proximal end of the
spring 148. The rigid tube 150 is hollow, and allows pas-
sage of the guidewire 300 and other components to the
distal end 110 of the catheter 100. A projection 152 ex-
tends from the rigid tube 150 through a slot 154 found
on the outer portion of the handle 140. The projection
152 allows the user to activate the integrated lever/stylus
146, compressing the spring 148 and pushing the needle
130 distally along the catheter 100. Lastly, the handle
140 caninclude a guidewire entry point 156. In an aspect,
the inner shaft 117 passes through a fluid hub 168 found
in the distal chamber 144.

[0049] Inan aspect, the handle 240 of the female cath-
eter 200 can include all of the same components of as
described above for the male catheter 100, but it is not
necessary. For example, when a female catheter 200 is
used that does not employ a needle 230, the handle 240
does not need to have a integrated lever and the asso-
ciated components to control the needle and inner shaft
217. In another aspect, the catheter pair 100/200 can be
constructed without an inner needle 130/230, and be
equipped to form magnetic coupling with central lumen
for the passage of a guide wire. In other aspects, the
female catheter 200 can have a proximal chamber 242
and a distal chamber 244, with the proximal chamber 242
providing a guidewire entry point 256 to receive a guide
wire 300 to pass through to the primary lumen 216 and
the distal chamber 244 including a fluid hub 268.
[0050] In an aspect, the handles 140, 240 can include
a hemostasis/fluid management system. The fluid man-
agement systems include proximal valves (not shown)
that prevent unwanted fluid leakage through the primary
lumens 116, 216 of the respective male catheter 100 and
female catheter 200. In addition, the proximal valves pre-
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vent the introduction of unwanted air through the centers
lumen 116, 216. In an aspect, a second fluid valve (166
in Fig. 6) can be used to provide a seal of the auxiliary
lumens 118, 218. Both the first and second fluid valves
can include silicon o-rings and various other seal-creat-
ing mechanisms.

[0051] Fluid hubs 168, 268 can be found within the
handles 140, 240 near the proximal ends 106, 206 of the
male catheter 100 and female catheter 200 respectively.
The fluid hub 168, 268 of each catheter 100, 200 can be
in communication with their respective auxiliary lumen
118, 218. Fluid ports 170, 270 provide access to the fluid
hubs 168, 268. In an aspect, the combination of the fluid
ports 170, 270, fluid hubs 168, 268, auxiliary lumen 118,
218 and side openings 119, 219 create the fluid man-
agement system. The fluid management system pro-
vides for the delivery of radio contrast agents for intra-
pericardial navigation under x-ray fluoroscopic guidance.
In addition, the fluid management systems provide a
means to inject and suck moderate volumes of fluid
through the lumen 118, 218 quickly. This is specifically
used to inject and withdraw radio contrast agents and/or
other fluids (including but not limited to saline, medica-
tions, etc.) within the pericardial space; thus accentuating
anatomic boundaries. The system, through the side
openings 119, 219 can also be used to manage and/or
drain a pericardial effusion.

[0052] In another aspect, it is contemplated that the
first magnet assembly 120 of the first catheter 100 can
be positioned within the primary lumen 116 of the first
catheter 100, as shown in FIG. 5. In this aspect, it is
further contemplated that the second magnet assembly
220 can be positioned within the primary lumen 216 of
the second catheter 200. It is still further contemplated
that the first magnet assembly 120 of the first catheter
100 can define a central bore 122 configured to receive
the needle 130 of the first catheter 100. Similarly, it is
contemplated that the second magnet assembly 220 of
the second catheter 200 can define a central bore 222
configured to receive the needle 130 of the first catheter
100.

[0053] In an aspect, as shown in Figs. 7a-b and 8, the
magnet assemblies 120, 220 can be coupled to the distal
ends 110, 210 of respective catheters 100, 200 through
the use of a flexible needle guide 124, 224. The flexible
needle guides 124, 224 include a distal portion 125, 225
and a proximal portion 126, 226. The flexible needle
guides 124, 224 can include central lumen 127, 227 that
extend the length of the guides 124, 224 and are config-
ured to receive the needle 130, 230. The distal portions
125,225 ofthe needle guides 124, 224 are secured within
central bores 122, 222 of the magnet assemblies 120,
220, with the proximal portions being secured within the
primary lumens 116, 216 at the distal portions 108, 208
of the catheters 100, 200. The needle guide 124, 224
can be attached coaxially through adhesive or by mount-
ing over a thin walled rigid tube that has been affixed to
the magnetic assembly and extends proximally from the

10

15

20

25

30

35

40

45

50

55

magnet 120, 220.

[0054] The needle guides 124, 224 provide a means
to maintain central alignment of the inner and outer shafts
of the catheters 100, 200 while allowing independent de-
grees of lengthwise movement. In an aspect, the flexible
needle guides 124, 224 can provide a way to introduce
a fixed and/or adjustable angle at the distal ends 110,
210 of the catheters 100, 200. In the cases where the
distal portions 110, 210 and magnet assemblies 120, 220
of the catheters 100, 200 meet curved portions, the flex-
ible needle guide 124, 224 provides a flexible curved an-
gle between the most distal portion 125, 225 and proximal
portions 126, 226, as shown in Fig. 8. Further, the guides
124,224 prevent the needle 130 from exiting the opening
112, 212 when the distal end 110, 210 encounters a
curve, preventing accidental punctures. In an aspect, a
rigid tube guide 124, 224 can be utilized. In such an as-
pect, the segment of the needle guide 124, 224 extending
proximally from the magnet may be aligned with the long
axis 102, 202 of the inner lumen 116, 216 or the rigid
component may bend providing a means to introduce a
fixed curve into the tip of the assembled catheter. The
variations in performance requirements and mounting
techniques will influence magnet assembly 120, 220 and
needle guide 124, 224 dimensions and shape.

[0055] It is still contemplated that the first magnet as-
sembly 120 can have a distal surface 128 substantially
flush with the distal end 110 of the first catheter 100.
Similarly, it is contemplated that the second magnet as-
sembly 220 of the second catheter 200 can have a distal
surface 228 substantially flush with the distal end 210 of
the second catheter 200. In exemplary aspects, the first
magnet assembly 120 can be permanently fixedly se-
cured tothe first catheter 100. Similarly, itis contemplated
that the second magnet assembly 220 can be perma-
nently fixedly secured to the second catheter 200. How-
ever, in other aspects, the first and second magnet as-
semblies can be removably coupled to the first and sec-
ond catheters 100, 200 respectively.

[0056] In an aspect, the magnet assembly 120 of the
first catheter 100 and the magnet assembly 220 of the
second catheter 200 are configured to be magnetically
attracted to one another. In an exemplary aspect, it is
desired that the magnet assemblies 120, 220 are strong
enough to automatically magnetically couple to one an-
other when the magnet assemblies 120, 220 come within
approximately 1 cm of each other. In the exemplary cath-
eter we found magnetic field strength between 0.5kG to
1.5kG was ample to provide the desired coupling char-
acteristics. However, in all aspects, the strength of the
magnetic attraction has to be strong enough to magnet-
ically couple the magnet assemblies 120, 220 and hold
them together magnetically on opposite sides of human
tissue. In an aspect, the magnetic attraction can occur
automatically. In another aspect, the magnetic attraction
between the two magnet assemblies 120, 220 can be
manually controlled.

[0057] Itis contemplated that, upon magnetic coupling
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between the first magnet assembly 120 of the first cath-
eter 100 and the second magnet 220 assembly of the
second catheter 200 such that the longitudinal axis 102
of the first catheter 100 is substantially axially aligned
with the longitudinal axis 202 of the second catheter 200,
the needle 130 can be configured for axial movement
relative to the longitudinal axis 102 of the first catheter
100 such that at least a portion 134 of the needle 130
exits the opening 112 of the distal end 110 of the first
catheter 100 and is received within the opening 212 of
the distal end 210 of the second catheter 200.

[0058] Similarly,inanother optional aspect, the second
catheter 200 can further comprise a needle 230 opera-
tively positioned within the primary lumen 216 of the sec-
ond catheter 200. In this aspect, the needle 230 of the
second catheter 200 can be configured for selective axial
movement relative to the longitudinal axis 202 of the sec-
ond catheter 200. It is further contemplated that, upon
magnetic coupling between the magnet assemblies 120,
220 of the first and second catheters 100, 200 such that
the longitudinal axis 102 of the first catheter 100 is sub-
stantially axially aligned with the longitudinal axis 202 of
the second catheter 200, the needle 230 of the second
catheter 200 can be configured for axial movement rel-
ative to the longitudinal axis 202 of the second catheter
200 such that at least a portion 232 of the needle 230
exits the opening 212 of the distal end 210 of the second
catheter 200 and is received within the opening 212 of
the distal end 210 of the first catheter 100. The needle
230 can also include a delivery lumen 238.

[0059] In use, the disclosed percutaneous catheter
system 10 can be incorporated into methods of punctur-
ing through a tissue structure within the body of a subject
(method 1000), as shown in Fig. 15. In one aspect, an
exemplary method of puncturing through a tissue struc-
ture within the body of a subject can comprise positioning
the distal end 110 of the first catheter 100 proximate a
first side of the tissue structure (step 1100). In another
aspect, the exemplary method can comprise positioning
a distal end 210 of a second catheter 200 proximate a
second side of the tissue structure (step 1200). In an
additional aspect, the exemplary method can comprise
magnetically coupling the first magnet assembly 120 of
the first catheter 100 to the second magnet assembly
220 of the second catheter 200 through the tissue struc-
ture such that the longitudinal axis 102 of the first catheter
100 is substantially axially aligned with the longitudinal
axis 202 of the second catheter 202 (step 1300). In a
further aspect, the exemplary method can comprise se-
lectively advancing a needle 130 through the at least one
lumen 114 (e.g., the primary lumen 116 in the exemplary
aspect) of the first catheter 100 such that atleast a portion
132 of the needle 130 exits the opening 112 of the distal
end 110 of the first catheter 100 and is received within
the opening 212 of the distal end 210 of the second cath-
eter 200, piercing the tissue structure 40 (step 1400), as
shown in FIG. 14. In exemplary aspects, the tissue struc-
ture can comprise an anatomical pericardial reflection
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adjacent to the heart of the subject. In these aspects and
others, both catheters 100, 200 can employ a guide wire
300 to reach their positions incrementally, with the oper-
ator using standard over-the-wire maneuvering tech-
niques to advance the catheters 100, 200.

[0060] In an exemplary aspect of the method (1000)
discussed above, the distal end 110 of the first catheter
100 being positioned in the transverse sinus (step 1100),
as illustrated in Fig. 16. The distal end 210 of the female
catheter 200 can be introduced over the anterior/superior
aspect of the ventricle (Fig. 17), and then advanced to-
ward the right pericardial "gutter" by way of the posteri-
or/inferior cardiac border (Fig. 18) to be proximate the
first catheter 100 (step 1200). When in place, the magnet
assemblies 120, 220 of the male and female catheters
100, 200 can then be magnetically coupled (Step 1300),
as illustrated in Fig. 19. The needle 130 can then exit the
distal end 110 of the male catheter 100 to be received
within the bore 222 of the magnet assembly 220 of the
female catheter (step 1400), as shown in Fig. 14.
[0061] In addition, steps of the method as discussed
above can be repeated during certain procedures. Re-
ferring back to the exemplary aspect discuss above, after
step 1400 has been completed, the second catheter 200
can be withdrawn into the obtuse sinus (step 1100), as
shown in Fig. 20. The male catheter 100 can be posi-
tioned adjacent the second catheter 200 (step 1200)(Fig.
21) and couple the targeted pericardial reflection sand-
wiched in between (steps 1300), as shown in Fig. 22.
The needle 130 can then puncture the tissue (step 1400).
After the needle 130 has punctured the tissue, the
guidewire 300 can be advanced from the proximal male
catheter across the magnetic coupled ends and out the
proximal end of the female catheter 200. The catheters
100, 200 can be removed, leaving the guidewire 300 in
place, as shown in Fig. 23. In additional aspects, it is
contemplated that the percutaneous catheter system 10
can be used to cross and/or puncture through other an-
atomic boundaries within the body of a subject. For ex-
ample, it is contemplated that the percutaneous catheter
system 10 can be used to cross and/or puncture through
the pericardium and plural space (to create a pericardial
window). In another exemplary aspect, itis contemplated
that the percutaneous catheter system 10 can be used
to create access between various organ structures in a
controlled manner (e.g., between the bladder and the
perineum or between ventricles in a brain (for drainage
or placement of electrodes)). In yet another exemplary
aspect, it is contemplated that the percutaneous catheter
system can be usedintravascularly to create an AV fistula
in a dialysis patient. In still another exemplary aspect, it
is contemplated that the percutaneous catheter system
10 can be used to accomplish trans-venous delivery of
electrodes, such as electrodes used in pacemakers
and/or nerve stimulators, when an electrical generator is
positioned remotely from an electrode target and surgical
tunneling is not a desirable option.

[0062] In exemplary applications, it is contemplated
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that the percutaneous catheter system 10 can safely per-
form punctures across membranous pericardial reflec-
tions. The catheter system 10 can be introduced into the
pericardium by one of several common transcutaneous
techniques.

[0063] The following exemplary method (2000) can be
employed following access to the pericardial space via
a subxiphoid approach (step 2100) as shown in Fig. 24;
however, it is understood that the method described be-
low can also be employed following other conventional
approaches. Fig. 25 illustrates the sterile field 2002 for
percutaneous access into the pericardial space. The en-
try site 2004 is also shown. It is contemplated that the
respective longitudinal lengths 104, 204 of the first and
second catheters 100, 200 of the percutaneous catheter
system 10 can be sufficiently long to permit advancement
of the first and second catheters 100, 200 into the trans-
verse sinus of the pericardium from the subxiphoid ap-
proach. Thus, it is contemplated that the longitudinal
length 102, 202 of each respective catheter 100, 200 can
range from about 20 cm to about 50 cm.

[0064] Inexemplary aspects, the first and second cath-
eters 100, 200 can be introduced into the pericardial
space over a guide wire 300 (step 2200). The catheters
100, 200 can then be directed to opposite sides of the
target pericardial reflection using standard over-the-wire
steering techniques and/or fluoroscopic guidance (step
2300). When the distal ends 110, 210 of the catheters
100, 200 respectively are within close proximity, the mag-
net assemblies 120, 130 of the catheters will be drawn
together magnetically, magnetically coupling the distal
ends 110, 210 of the first and second catheters 100, 200
together (step 2400). Under conditions where there is a
thin intervening tissue membrane, itis contemplated that
the distal ends 110, 210 of the catheters 100, 200 can
"sandwich" the membrane orthogonally to the primary
lumens 116, 216, of the two catheters 100, 200. It is fur-
ther contemplated that the magnetic field created by the
magnet assemblies 120, 220 of the catheters 100, 200
can align the primary lumen 116 of the first catheter 100
with the corresponding primary lumen 216 of the second
catheter 200, thereby facilitating longitudinal continuity.
Itis still further contemplated that the strength of the mag-
net assemblies 120, 220 and the size and flexibility of
the catheters 100, 200 can allow the distal ends 110, 210
of the catheters 100, 200 to align when in close proximity.
[0065] Using fluoroscopic guidance, the operator can
position the two complementary catheters 100, 200 on
opposite sides of a target pericardial reflection (method
3000), as shown in Fig. 26. Visualization of key pericar-
dial and cardiac landmarks can be facilitated by varying
concentrations of radiopaque contrast injected and with-
drawn through the irrigation ports 119, 219 of the cathe-
ters 100, 200. The catheters 100, 200 can access the
pericardial space via a subxiphoid approach (step 3100).
Referring to the exemplary pericardial reflection depicted
in Fig. 1, it is contemplated that the male catheter 100
(i.e., the catheter of the two in which the needle is ad-
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vanced) can be placed at the membranous reflection of
the superior vena cava from the transverse sinus (step
3200), while the female catheter 200 (i.e., the catheter
receiving the needle) can be advanced to the same mem-
branous reflection via the post-caval recess (step 3300).
Fluoroscopic navigation can be facilitated by delivery of
5-10 cc of one or more known radio-contrast agents that
are injected into the pericardial space. Itis contemplated
that the first and second catheters 100, 200 can have a
plurality of irrigation ports/side openings 119, 219 located
attheirdistalends 110,210 to permitinjection and suction
of fluids, including, for example and without limitation,
radio-contrast agents, saline, medications, and body flu-
ids. It is further contemplated that the membranous re-
flection at this location can have a thickness ranging from
about 0.25 mm to about 1 mm. After the catheters 100,
200 are positioned in near proximity (e.g., within about
1-2 cm of one another), the magnet assemblies attract
and align the distal ends of the catheters in a "docking"
orientation (step 3400). Proper "docking" orientation can
be confirmed by fluoroscopic imaging (step 3500).
[0066] In exemplary aspects, both male and female
catheters 100, 200 can have a central lumen 116, 216
to accommodate a standard guide wire 300. In these as-
pects, itis contemplated that the standard guide wire 400
can be withdrawn once the catheters 100, 200 are posi-
tioned at a desired site and orientation. It is further con-
templated that, through the use of fluoroscopic guidance,
the position of the male and female catheters 100, 200
can be confirmed by injection and/or suction of one or
more radio-contrast agents into or from the pericardial
space. ltis still further contemplated that the male cath-
eter 100 can have a retractable puncture needle 130 that
can extend and "dock" with the female catheter 200 when
the two distal ends 110, 210 are aligned.

[0067] Once the catheters 100, 200 are magnetically
attached and aligned, with the target membrane sand-
wiched in between the distal ends 110, 210 of the cath-
eters 100, 200, the operator can advance a stylus 146
(i.e., the elongate member) of the male catheter 100 until
the needle 130 punctures through the target membrane
and "docks" with the female catheter 200. The operator
can then advance the guide wire 300 from the male cath-
eter 100 into the primary lumen 216 of the female catheter
200. The needle 130 can then be retracted, and the cath-
eters 100, 200 can be withdrawn, leaving the guide wire
300 in place. It is contemplated that the previously de-
scribed steps can be repeated as necessary to create a
path for circumnavigating the left atrial target structures.
For example, itis contemplated that the above-described
method can be used to create a puncture across the peri-
cardial reflection between the superior vena cava and
the right superior pulmonary vein located at the rightward
terminus of the transverse sinus and a second pericardial
reflection puncture located between the inferior vena ca-
va and the right inferior pulmonary vein traversing from
the rightward aspect of the pericardial space into the ob-
lique sinus. Following removal of the catheters 100, 200
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from the body of the subject, one or more ablation cath-
eters 20 can be delivered and positioned over the guide
wire 300.

[0068] It is contemplated that the percutaneous cath-
eter system 10 can perform the puncture methods de-
scribed herein without the need for direct visualization
and/or mechanically advantageous positioning, as is re-
quired for more conventional puncture techniques. Typ-
ically, the restrictions of space and geometric boundaries
of the pericardial space constrain over-the-wire catheter
design. However, the disclosed catheters 100, 200 of the
percutaneous catheter system 10 can be flexible enough
to navigate multiple turns while maintaining rotational ri-
gidity for "steer-ability" and direct of the guide wire. Ad-
ditionally, the distal ends 110, 210 of the catheters 100,
200 can be blunt and/or rounded, thereby reducing the
risk of inadvertent puncture of surrounding vascular
structures. With the magnetic "docking" capabilities of
the catheters 100, 200 through their respective magnetic
assemblies 120, 220 it is contemplated that the needle
130 can be deployed when the target membrane is the
only structure in jeopardy; otherwise, the needle 130 will
be housed within a lumen 116 of the catheter system 10
such that there is no risk of inadvertent puncture. While
the exemplary aspects of the percutaneous catheter sys-
tem 10 have been disclosed in relation to first catheter
100 as being the male catheter, and the second catheter
200 being the female catheter, either assignments can
differ based upon which ever catheter is configured to
control the advancement of the needle. For example, in
an exemplary aspect, the second catheter 200 can in-
clude a need 230 with a lumen 238 and a sharp edge
234 that is longitudinally controlled along the primary lu-
men 216 by a stylus 246.

[0069] In additional exemplary applications, it is con-
templated that the percutaneous catheter system 10 can
be applied anywhere precision catheter-based puncture
between two adjacent anatomic spaces (as described
above) is desired. For example, it is contemplated that a
dialysis fistula can be performed by advancing opposing
catheters of a percutaneous catheter system 10 to a site
of adjacent artery and vein to make a controlled perfora-
tion and shunt. In another exemplary application, it is
contemplated that a controlled trans-cardiac puncture
can be performed across the atrial wall into the pericardial
space of a subject to accomplish epicardial pacemaker
lead implantation. Where a trans-vascular puncture site
is remote, it is contemplated that other biosensor and/or
stimulator lead placement could be performed using the
disclosed percutaneous catheter system 10. In still fur-
ther exemplary aspects, it is contemplated that the per-
cutaneous catheter system 10 can be used for shunt
placement between internal cavities, such as the plural
space and parental space, for chronic plural effusions,
or for creating a fistula between the bladder and a drain.
Itis further contemplated that the disclosed percutaneous
catheter system 10 can be modified as necessary to per-
mit usage of the catheter system in percutaneous proce-

10

15

20

25

30

35

40

45

50

55

12

dures where special and anatomic restrictions do not fa-
cilitate precise puncture of a tissue structure and/or
guide-wire manipulation.

Ablation Catheter

[0070] With reference to Figs. 27-34, described herein
is an ablation catheter 20 for ablating a selected tissue
region within the body of a subject. In exemplary aspects,
the ablation catheter 20 is an over-the-wire multi-elec-
trode ablation catheter 20 that can create a linear circum-
ferential ablation lesion using one or more of radiofre-
quency (RF) energy, irreversible electroporation (IE) im-
pulses, and other hybrid electro cautery techniques. The
ablation catheter 20 is designed to apply high-voltage,
ultra-short direct current pulses to tissue that causes tis-
sue injury, cell death, and in some instances, only cell
function disruption.

[0071] However, it is contemplated that other ablative
techniques such as cooling, microwave, ultrasound, light,
and/or chemical ablation techniques could also be used
as alternative and/or as adjuvant to the ablation ap-
proaches described herein. For example, aspects of the
ablation catheter 20 can apply HYUS-DCI, RF, cryoab-
lation, electroporation, microwave, laser, biologies, radi-
ation, and small molecule chemicals. These impulses
produce brief but extremely strong electric fields within
the tissue leading to irreversible electroporation (IE), cell
death, and injury. However, in an aspect, the total energy
applied is relatively low averaging (estimated range
0.025J to 45J per pulse).

[0072] In additional exemplary aspects, the ablation
catheter 20 can be used in conjunction with the percuta-
neous catheter system 10 described above. In these as-
pects, the percutaneous catheter system 10 can be used
to place a guide wire 300 within the heart of a subject,
and the ablation catheter 20 can be advanced within the
heart over the guide wire. Following placement of the
ablation catheter 20, ablative energy can be selectively
applied within the heart of the subject. In exemplary as-
pects, the entire ablation procedure can be performed
without administration of anesthesia.

[0073] Inone aspect, asillustrated in FIGS. 27-32, the
ablation catheter 20 comprises a flexible elongate shaft
500 having a longitudinal axis 502, a longitudinal length
504, a proximal portion 506, a central portion 508, and a
distal portion 510. In this aspect, the elongate shaft 500
can define a primary lumen 512. In this aspect, it is con-
templated that the primary lumen 512 can be configured
to receive the guide wire 300. While the ablation catheter
20 can be comprised of many different materials, the ma-
terial should flexible. In exemplary aspects, the ablation
catheter 20 can be highly flexible such that, upon deploy-
ment, the flexible elongate shaft 500 of the catheter 20
can conform to the natural contours of the anatomy. In
these aspects, the flexibility of the ablation catheter 20
can facilitate positioning of electrodes 530 around the
outside of asymmetric and/or complex contours.
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[0074] In another aspect, the ablation catheter 20 fur-
ther comprises a plurality of electrodes 530 spaced along
the longitudinal length 504 of the central portion 508 of
the flexible elongate shaft 500. In this aspect, it is con-
templated that the plurality of electrodes 530 can be in-
tegrally formed with the elongate shaft 500. Each of the
electrodes 530 is configured to be connected to a signal
source through an independent wire 518 (shown in Fig.
28) that is connected by pins 519 to the signal source.
The electrodes 530 are configured to apply a signal to
the targeted area to perform an ablation. Individual elec-
trodes 530 can be assigned polarity and function in real
time to optimize direction of current vectors during abla-
tion. In an aspect, the electrodes 530 can be capable of
monitoring and/or delivering RF energy, electroporation
impulses, and programmed cardiac pacing and/or neuro-
stimulus. Unlike other known ablation catheters, the elec-
trodes 530 of the described ablation catheter 20 also can
have the capability of delivering extended bipolar high
voltage, ultra-short impulses.

[0075] In an aspect, in addition to being configured to
apply a signal, the electrodes 530 are configured to be
capable to selectively record signals. In this aspect, the
signals can be described by an impulse strength, a du-
ration, a duty cycle, and a timing. When the electrode
530 is configured to record the signals, the electrode 530
canrecord the above described characteristics of the sig-
nal(s) applied. The electrode 530 can capture this infor-
mation, and send it to a console, described in more detail
below. In an aspect, an electrode 530 that is not applying
a signal can act as a recording electrode 530. In another
aspect, the electrodes 530 of the ablation catheter 20
can be configured to act as a recording electrode and
signal delivering electrode 530 at the same time.
[0076] In another aspect, the electrodes 530 can be
configured to monitor the vital signals of the subject. For
example, the electrodes 530 can receive the electronic
signals produce by the subject’s heart to which the elec-
trode 530 is in contact. In an aspect, the electrode 530
can actlike an EKG. In another aspect, the electrode 530
can monitor the atrial pacing (including the atriarefractory
period), the ventrical pacing (including the ventricular re-
fractory period), the cycle length, the QT interval, and the
QRS interval of the subject’s heart. The information can
be passed along to other components discussed in more
detail below.

[0077] Inexemplary aspects, the plurality of electrodes
530 can be spaced to provide adequate coverage for
creating a contiguous linear ablation lesion 40. In these
aspects, it is contemplated that the ratio of the spacing
532 between consecutive electrodes 530 to the longitu-
dinal length of each electrode can be less than about 3:1
and, more preferably, less than about 2:1. In additional
exemplary aspects, it is contemplated that the plurality
of electrodes 530 can comprise between about 20 to
about 40 independent electrodes 530. In an example,
the ablation catheter 200 can have 30 independent elec-
trodes (e.g., Fig. 34). In further exemplary aspects, it is
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contemplated that the plurality of electrodes 530 can be
spaced along a sufficient length of the elongate shaft 500
(e.g., ranging from about 15 cm to about 30 cm) to create
a circumscribing lesion 30 around a left atrial target and
pulmonary veins. It is contemplated that the plurality of
electrodes 530 can be positioned centrally along the lon-
gitudinal length 504 of the ablation catheter 20 so that
the proximal portion 504 and distal portion 510 of the
elongate shaft 500 are of sufficient length such that at
least a portion of the proximal portion 504 and the distal
portion 510 are positioned external to the body when the
central portion 506 of the elongate shaft 500 (including
the plurality of electrodes 530) is deployed around the
left atrial target structures. It is contemplated that the ratio
between the longitudinal length of the proximal portion
506 to the longitudinal length of the central portion 508
and the ratio between the longitudinal length of the distal
portion 510 and the longitudinal length of the central por-
tion 508 can each range from about 1.5:1 to about 2:1.
It is further contemplated that the proximal portion 506
and the distal portion 510 of the elongate shaft 500 can
each have a longitudinal length ranging from about 40
cm to about 60 cm.

[0078] In exemplary aspects, the flexible elongate
shaft 500 can be configured for selective positioning with-
in the body of the subject such that the central portion
508 of the elongate shaft 500 at least partially surrounds
the selected tissue region (shown in Figs. 33-34) and the
proximal 506 and distal portions510 of the elongate shaft
500 are positioned external to the body of the subject In
these aspects, it is contemplated that, upon positioning
of the elongate shaft 500 such that the central portion
508 of the elongate shaft 500 at least partially surrounds
the selected tissue region, each electrode 530 of the plu-
rality of electrodes 530 is configured for selective, inde-
pendent activation to apply ablative energy to the select-
ed tissue region. 518

[0079] Optionally, in one aspect, the flexible elongate
shaft 500 can further comprise one or more secondary
lumens 514 defined by the flexible elongate shaft 500
and/or positioned within the primary lumen 512. In an
aspect, at least one secondary lumen 514 of the one or
more secondary lumens 514 or the primary lumen 512
of the flexible elongate shaft 500 can be configured to
receive the guide wire 300. In such an aspect, the other
lumen 512, 514 that are not for use with the guide wire
300 can be configured to receive a flexible stylus and/or
other mechanical support. Further, such lumens can be
configured to carry and/or deliver a cooling fluid, an irri-
gation fluid, small molecules, peptides, and/or DNA/RNA
to improve ablation characteristics. It is further contem-
plated that the elongate shaft 500 can be configured for
deployment within the body of the subject over the guide
wire 300. However, it is contemplated that the ablation
catheter 20 can optionally be deployed within the body
of a subject in a manual fashion (without a guide wire).
[0080] In an aspect, the proximal end 506 of the cath-
eter 20 can include a luer lock 516 and opening 518 to
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receive a guidewire 300 in the primary lumen 512 or sec-
ondary lumen 514, as shown in Fig. 30. The distal end
510 can include an opening 520 that continues to the
secondary lumen 514, allowing a guidewire 300 to exit,
as shown in Fig. 31. Further, the distal end 510 can have
a tapered shape as well.

[0081] In an aspect, the ablation catheter 20 can in-
clude a catheter noose 524, as shown in Figs. 27 and
32. The catheternoose 524 is configured to apply tension
to the elongated body 500 of the catheter 20 when the
catheter 20 is positioned around the targeted sight In an
aspect, and discussed in further details below, the central
portion 508 of the catheter 20 is positioned around the
targeted area within the body, with the proximal 506 and
distal 510 ends positioned outside of the body. The cath-
eter noose 524 is then used to tighten the loop formed
by the center portion 508 of the catheter 20 around the
targeted area. In an aspect, the catheter noose 524 can
include two lumens (not shown). The first lumen can be
configured to receive the proximal end 506 of the catheter
20. The second lumen can be configured to receive the
distal end 510 of the catheter 20 after the catheter 20,
and more specifically the central portion 508, has been
positioned around the targeted area within the body and
the distal end 510 and proximal end 506 are positioned
outside the body. The catheter noose 524 can then be
advanced along the proximal and distal portions 506, 510
until the central portion 508 is fully secured, as shown in
Figs. 33-34.

[0082] In use, the ablation catheter 20 can be em-
ployed in a method for ablating a selected tissue region
within the body of a subject. In one aspect, the method
for ablating the selected tissue region (4000), as shown
in Fig. 35, can comprise selectively positioning the flex-
ible elongate shaft of the ablation catheter within the body
of the subject such that the central portion of the elongate
shaft at least partially surrounds the selected tissue re-
gion (step 4100). In this aspect, the proximal portion 506
and the distal portion 510 of the elongate shaft 500 of
the ablation catheter 20 can optionally be positioned ex-
ternal to the body of the subject (step 4200). In another
aspect, the method for ablating the selected tissue region
can comprise selectively, independently activating each
electrode 530 of the plurality of electrodes 530 of the
ablation catheter 20 to apply ablative energy to the se-
lected tissue region (step 4300).

[0083] Inan exemplary aspect of the method 4000 de-
scribed above, the distal end 510 of the catheter 20 can
be advanced along the guidewire 300 to be positioned
around the left artrial target structures, with the distal end
510 being deployed to cross the pericardial reflection into
the transverse sinus and through until the central portion
508 is positioned correctly (step 4100), as shown in Figs.
36-37. The proximal portion 506 and distal portion 510
can be placed outside of body (step 4200), as shown in
Fig. 37. Once in place, the catheter noose 524 can be
advanced to cinch the loop, as shown in Fig. 38. In cases
where the circumference is less than the length 504 of
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the catheter 20 along the central portion 508 (i.e., the
multi-electrode 530 array), excess proximal
electrodes530 are deactivated and pulled proximally into
the catheter noose 524 before applying ablative energy
(step 4300). If the circumference of the targeted area is
greater than the length 504 along the central portion 508,
the central portion 508 will require an additional reposi-
tioning after applying the ablative energy (step 4300).
[0084] In exemplary aspects, it is contemplated that
the ablation catheter 20 can be included in an ablation
catheter system 600 for ablating a selected tissue region
within the body of a subject, as shown in Figs. 39-44. In
an aspect, the ablation catheter system 600 can include
arouting console 610, a recording console 650, a signal
generator 700, and a computer 800. The routing console
610 is electrically coupled to the plurality of electrodes
530 of the ablation catheter 20. More specifically, the
routing console 610 is connected to each pin 519 of each
independent wire 518 from each electrode 530. The rout-
ing console 610 can carry signals from the signal gener-
ator 700 to the electrodes 530, as well as assign polarity
and function in real time to optimize the direction of cur-
rent vectors during ablation, discussed in more detail be-
low.

[0085] As shown in FIGS. 40-41, the routing console
610 includes catheter connectors 612 to receive the pins
519 of the ablation catheter 20. An exemplary routing
console 610 can include two 16 pin connecters used to
accommodate thirty (30) independent electrodes 230 on
the exemplary ablation catheter 200. However, the total
number of catheter connectors can be adjusted to ac-
commodate any range of electrode arrays. The routing
console also includes pacing inputs 614, which can re-
ceive monitoring information from devices (EKG, etc.)
used to monitor the function of the subjects’ vital parts,
including the heart. The routing console 610 can include
signal inputs 616. The signal inputs 616 receive the sig-
nal(s) from the signal generator 700. In an aspect, the
signal inputs 616 can include high voltage inputs 616. In
other aspects, the signal inputs can accept RF and/or
any electrical ablation energy source generated by the
signal generator 700. The pacing inputs 614 and signal
inputs 616 feed into the input signal relay 618, which
passes along all the information and signals to the various
other components of the ablation catheter system 600,
including the signal generator 700, recording console 650
and computer 800, as well as other components of the
routing console 610.

[0086] The input signal relay 618 is connected to logic
controllers 620 and arelay bank 622. The logic controllers
620 and relay bank 622 work in tandem to send signals
to a specific electrode 530 based upon the information
and commands received from other components, includ-
ing the signal generator 700, the computer 800, and the
pacing inputs 612. The relay bank 622 can pass signal
information, as well as other information, to another relay
bank 624 which is connected to an I/O interface 626. The
I/O interface 626 can be in communication with the signal



27

generator 700 through a signal generator output 628. The
first relay bank 622 can also pass along any information
related to the signals that are being monitored by an elec-
trode 530 to sensing outputs 630, which can be connect-
ed to the recording console 650. The routing console can
also include a timing relay 632 which works with the con-
trollers 620 to control the delivery of the signals to the
electrodes 530. The timing relay 632 is connected to a
synchronization trigger 634, which is in communication
with the signal generator 700.

[0087] In an aspect, the synchronization trigger 634
ensures that when signals are sent to the electrodes 530
for ablation, the signals are applied in synchronization
with the cardiac cycle, discussed in more detail below.
The synchronization trigger 634 can receive monitoring
information monitoring devices through the pacing inputs
614 or through electrodes 530 that are assigned to a
monitoring function. The synchronization trigger 634 can
monitor the EKG reulsts, the atrial pacing (including the
atria refractory period), the ventrical pacing (including the
ventricular refractory period), the cycle length, the QT
interval, and the QRS interval of the subject’s heart to
indicate when a signal should be delivered to the elec-
trodes 530. For example, as shown in FIG. 45, the syn-
chronization trigger 634 can determine the impulse win-
dow 900 (i.e., when to apply the signal) by identifying
when the ventricular refractory perior 902 and the atria
refractory period 904 overlap. The synchronization trig-
ger 634 can then alert the routing console 610 and the
signal generator 700 of the window 900 to apply the sig-
nal.

[0088] The routing console 610 includes a fire button
636. The fire button activates the signal generator 700
to generate a signal to deliver a signal to the routing con-
sole 610. The routing console 610 will then deliver the
signal to the desired electrodes 530. The computer 800
can direct the routing console 610 as to which electrodes
230 to deliver the signal.

[0089] The routing console 610 is electrically coupled
to the signal generator 700. In an aspect, the signal gen-
erator 700 can comprise one or more signal generators
700. Itis contemplated that each signal generator 700 of
the one or more signal generators 700 can be configured
to selectively generate one or more electrical signals.
The signal generator 700 can create several types of
signals, including, but not limited to, radio-frequency
(RF), high voltage ultra-short direct current (DC) impuls-
es (as used in electroporation), stimulus range impulses,
and/or hybrid electrical impulses. In addition, the signal
generator 700 can vary at least one of the impulse
strength, duration, duty cycle, and timing of the signals
that the signal generator 700 generates.

[0090] In an aspect, as illustrated in Figs. 42-43, the
signal generator 700 includes pulse/high voltage outputs
702 that are configured to connect with the pulse/high
voltage inputs 616 of the routing console 610. The out-
puts 702 deliver the signal to the routing console 610.
The signal generator 700 can include a control circuit 704
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that controls the characteristics of the signal that it gen-
erates, discussed in more detail below. The control circuit
704 can also be connected to a voltage level controller
705. The pulse outputs 702 receive the signal from a
capacitor 706. In an aspect, the capacitor 706 can com-
prise a bank of capacitors 706. A power supply 708 can
provide the power needed to the capacitor(s) 706 to gen-
erate a signal. In an aspect, the capacitor 706 can pass
along the signal to a transistor 710. In an aspect the tran-
sistor 708 can include an insulated-gate bi-polar transis-
tor 710. The signal generator 700 also includes a com-
mercially available pulse capacitor charger 711 which
provides a high voltage source for the capacitor bank and
a feedback control to adjust peak voltage charge.
[0091] Inan aspect, the signal generator 700 can also
include various inputs to reference information and com-
mands. For example, the signal generator 700 can be
connected to the computer 800 and the routing console
610 through an input/output connection 712. The in-
put/output connection can comprise a plurality of in-
put/output connections 712. In addition, the signal gen-
erator can be connected to the fire button through a sep-
arate input 714. Parameters/commands from the com-
puter 800 and information from the routing console 610,
including the synchronization trigger 634 and activation
of the fire button 636, are received by the control circuit
704. Based upon the information received, the control
circuit 704 controls the generation of the signal. For ex-
ample, the control circuit 704 can control the pulse du-
ration, the number of pulses within a burst, the burst pulse
spacing, the voltage of the signal, and other signal pa-
rameters. In another aspect, the control circuit 704 can
initiate the signal upon receiving a response from the fire
button. In another aspect, the control circuit 704 can con-
trol when the signal is generated based upon information
received from the synchronization trigger 634 in order to
deliver a signal within the pulse window 900.

[0092] In an aspect, the recording console 650 can re-
ceive and record all the information that is collected by
the various other components of the system 600. For
example, the recording console 650 can record the pac-
inginformation that the routing console 610 receives from
monitoring devices associated with the subject. In addi-
tion, the recording console 650 can receive monitoring
information from the electrodes 530 monitoring the sub-
ject. In an aspect, the recording console 650 can also
receive the signal information from the recording elec-
trodes 530. In another aspect, the recording console 650
can receive other information from the signal generator
700 regarding the timing and strength of the signals gen-
erated, as well as other information. In an aspect, the
recording console 650 can be a separate component
from the computer 800 and routing console 610. It can
be a display device that immediately displays conditions
to the users of the system 600. In other aspects, the re-
cording console 650 can be an application within the com-
puter 800. The physical characteristics of the recording
console 650 are not important, nor whether it is a sepa-
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rate entity from the other components of the ablation sys-
tem 600.

[0093] In an aspect, the computer (shown in Fig. 44)
can include ablation control software 806 that controls
the overall function of the ablation system 600. The ab-
lation control software 806 can use the other components
ofthe system 600 to retrieve information (gathering signal
information from the signal generator 700/electrodes
230, and pacing information from the routing console
610/electrodes 530) in order to initiate and maintain the
ablation treatment. In other aspects, the ablation control
software 806 can also control the synchronization trigger
634, or supply the synchronization trigger 634 with the
needed information to apply the signal during the window
900,

[0094] In these aspects, the routing console 610 can
be configured toreceive the one or more electrical signals
from the one or more signal generators 700. It is contem-
plated that the routing console 610 can be further con-
figured to selectively activate the plurality of electrodes
530 by delivery of the one or more electrical signals from
the signal generators 700. In an aspect, the routing con-
sole 610 can be configured to selectively activate at least
one electrode 530 of the plurality of electrodes 530 of the
ablation catheter 20 such that the at least one electrode
530 has a first polarity that is different from a polarity of
at least one other electrode 530 of the plurality of elec-
trodes 530, which, in turn, can provide means for cus-
tomizing the ablation vector for each electrode 530 indi-
vidually and/or delivering pacing and/or ablation impuls-
es in quick succession.

[0095] Inexemplary aspects, the ablation catheter sys-
tem 600 can be employed in a method for ablating a
selected tissue region within the body of a subject 5000,
as shown in Fig. 46. In one aspect, the method 5000 for
ablating a selected tissue region can comprise selectively
positioning the flexible elongate shaft 500 of the ablation
catheter 20 within the body of the subject such that a
central portion 508 of the elongate shaft 500 at least par-
tially surrounds the selected tissue region (step 5100)
and a proximal portion 506 and a distal portion 510 of
the elongate shaft 500 are positioned external to the body
of the subject (step 5200). In another aspect, the method
for ablating the selected tissue region can comprise se-
lectively generating one or more electrical signals using
the one or more signal generators 610 (step 5300). In an
additional aspect, the method for ablating the selected
tissue region can comprise, through the routing console
620, receiving the one or more electrical signals from the
one or more signal generators 610 (step 5400). In a fur-
ther aspect, the method for ablating the selected tissue
region can comprise, through the routing console 620,
delivering the one or more electrical signals to the plu-
rality of electrodes 530 of the ablation catheter 20 such
that each electrode 530 of the plurality of electrodes 530
is selectively, independently activated to apply ablative
energy to the selected tissue region (step 5500). In an
exemplary aspect, the method for ablating the selected
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tissue region can further comprise, through the plurality
of electrodes 530, selectively recording one or more elec-
trical signals within the body of the subject (step 5600).
In another exemplary aspect, the method for ablating the
selected tissue region can further comprise, through the
one or more signal generators 610, selectively varying
atleast one of the impulse strength, the duration, the duty
cycle, and the timing of the one or more electrical signals
generated by the one or more signal generators 610
based upon the one or more electrical signals recorded
by the plurality of electrodes 530 (step 5700). In a further
exemplary aspect, it is contemplated that the step of,
through the routing console, delivering the one or more
electrical signals to the plurality of electrodes 530 can
comprise selectively activating atleast one electrode 530
of the plurality of electrodes 530 such that the at least
one electrode 530 has a first polarity that is different from
a polarity of at least one other electrode of the plurality
of electrodes 530, as discussed above.

[0096] In exemplary aspects, the ablation catheter 20
can be highly flexible such that, upon deployment, the
flexible elongate shaft 500 of the catheter 20 can conform
to the natural contours of the anatomy. In these aspects,
the flexibility of the ablation catheter 20 can facilitate po-
sitioning of electrodes 530 around the outside of asym-
metric and/or complex contours.

[0097] Itis contemplated that the ablation catheter 20
can be configured to deliver both radio frequency (RF)
and/or highintensity ultra short duration electrical impuls-
eslirreversible electroporation (IE) to ablate adjacent tis-
sue. RF ablationin the closed pericardial space has some
important limitations. First, RF ablation can produce tis-
sue injury through resistive heating. The lesion depth re-
sulting from RF ablation can be limited by the energy and
thermodynamics of the tissue environment. For example,
a unipolar RF lesion created from the epicardium can
require greater energy to create a transmural lesion than
the same lesion delivered form an endocardial approach;
this is because the endocardium is cooled by the blood
pool and there is often a layer of epicardial fat that adds
thickness. (See Fig. 47.) Using an extended bipolar elec-
trode arrangement, it is contemplated that approximately
50% more directional penetration can be achieved (using
RF techniques).

[0098] Fig. 47 shows the potential advantages of an
extended bipolar ablation arrangement for epicardial ab-
lation techniques. Panel (A) depicts a virtual electrode
from a standard unipolar RF ablation on an endocardial
surface. As shown, the field of the unipolar signal extends
substantially only along the myocardium (a) and epicar-
dial fat (b). Panel (B) shows unipolar RF ablation from
an epicardial approach, with the field of the unipolar sig-
nal extends into the epicardial fat (b), pericardial space
(c), and parietal pericardium (d). However, the field also
extends to a bystander vulnerable structure (f). Panel (C)
illustrates the distortion of the virtual electrode by using
an extended bipolar orientation. As shown, the bipolar
orientation leads the field to extend into the ventricular
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myocardium (a), epicardial fat (b), pericardial space (c),
and parietal pericardium (d) without impacting the by-
stander vulnerable structure (f) .

[0099] Itis contemplated that the use of high-voltage,
ultra-short impulses (irreversible elecroporation) can
substantially increase the directionality of the ablation
vector. In a closed pericardial space, the thermal con-
duction can continue to be problematic, causing unde-
sirable collateral damage and/or accumulation of protein-
aceous material on the electrodes, which can require de-
vice removal, cleaning, and/or reinsertion. However, de-
spite these limitations, it is contemplated that RF tech-
niques may be preferred for ablation targets that are ep-
icardial structures, such as autonomic ganglia.

[0100] The selected polarity of each electrode 530 of
the plurality of electrodes 530 can be assigned based
upon the geometric orientation of each respective elec-
trode 530 toward the ablation target. Optionally, the as-
signment of polarity to each respective electrode 530 can
be performed in real time using the routing console 610
attached to the catheter 530 outside the body. In an as-
pect, the polarity assignment for each respective elec-
trode 530 can be adjusted to tailor the intended vectors
of ablation current. It another aspect, the polarity assign-
ment can optionally be performed in connection with a
remote electrode located within or external to the body.
In these aspects, the vector of current between any two
electrodes of the plurality of electrodes can be directed
toward the intended ablation target by choosing an elec-
trode 530 combination that optimizes the intended vector
and away from bystander structures (see Fig. 47). In an-
other aspect, the electrode combination can comprise
two or more electrodes 530 of the central portion 508 of
the ablation catheter 50.

[0101] In another aspect, a high impedance structure
540 can be positioned between the electrodes 530. The
high impedance structure 540 is configured to change
and/or direct the current path between selected elec-
trodes 530, as illustrated in FIGS. 48-52(a-c). In an as-
pect, the ablation catheter 20 can use a plurality of high
impedance structures 540. The high impedance struc-
tures 540 are configured to intersect the theoretic field
lines 550 (see FIGS. 48-49) created by two bipolar elec-
trodes 530 by creating an obstacle to a baseline current
flow. For example, in a homogeneous conductor such as
seawater or blood plasma, the predicted current path will
follow the shortest path (i.e., the current will follow the
path of least resistance), as shown in Fig. 48. By placing
a high impedance structure 540 between adjacent elec-
trodes 530, the current contour 550, as shown in Fig. 49,
can be distorted by the contours of the high impedance
structure 540, with the current density decreasing linearly
between the electrodes 530 but increasing orthogonally
along the surface of the high impedance structure 540.
FIGS. 50-51 show an axial perspective of the change of
the location of the current density 544 of a coaxially cy-
lindrical insulator 540 relative to the insulator circumfer-
ence. As shown in FIG. 50, when the circumference of
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the insulator /high impedance structure 540 is small, the
current density 544 is approximate the surface of the
electrode 530. However, as the highimpedance structure
540 expands, the current density 544 becomes located
further from the surface of the electrode 530.

[0102] Inexemplaryaspects,the shape, and more spe-
cifically the height of the high impedance structure 540
relative to the axis 502 of the ablation catheter 20, is
adjustable. For example, the high impedance structure
540 comprises an inflatable balloon 540 made of a suit-
able nonporous material with high dielectric constantan
(i.e., effectively an electric insulator). The inflatable bal-
loon 540 is coaxially situated between two electrodes
530, as shown in Fig. 52a-c. As the inflatable balloon 540
is inflated, the current density 544 along the surface of
the balloon will decrease linearly while the relative current
density 544 at an arbitrary point between the electrodes
530 and orthogonally remote from the axis 502 of the
ablation catheter 20 increases. The adjustment of the
inflatable balloon 540 provides a way to project and or
direct the electric field along an orthogonal/radial vector
to increase the current density 544. While the exemplary
aspect utilizes a balloon 540 to provide low profile deliv-
ery, other articulated, fixed and/or mechanical high im-
pedance structures 540, including a wide variety of insu-
lators, can be employed. Further, it is preferable that the
high impedance structures 540 are controllably adjusta-
ble, for the reasons discussed below.

[0103] The current density at the surface of the cylin-
drical insulator symmetrical positioned between two ring
electrodes is geometrically related to the radius of the
cylinder. In such an exemplary aspect can be determined
by the following formula:

F=IAT A i P B (T A )

where J is the resulting density, J; is the initial density,
(17r2*1;);is the initial area of the high impedance structure
before activation, and (/72 * 1)), is the area of the high
impedance structure after activation.

[0104] In our exemplary aspect, the electrical conduc-
tivity ranges 50-100 S/M (conductivity ¢ is defined as the
ratio of the current density J to the electric field strength
E). (J=Sigma.E). The predicted electric field strength at
the surface of the insulator balloon 540 (represented by
Ain Figs. 48-49) will be related to the current density/con-
ductivity of the environment.

[0105] Positioning of the high impedance structure or
insulator 540 between the dipole formed from adjacent
electrodes 530 will change the contour of the current path
and increase the relative electric field strength at point
A, as shown in Figs. 48-49. The shape of the high im-
pedance structure 540 can be varied to project/amplify
the relative the current orthogonal to the axis 502 of the
ablation catheter 20. Other shapes and materials can be
uses as high in combination with high impedance struc-
tures/insulators 540 to focus the current asymmetrically
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or to isolate the current source form the target tissue. In
an aspect, the high impedance structure or insulator 540
can comprise an insulator balloon 540 configured to ex-
pand off center to provide a preferential path for current
ipsilateral to the shorter axis’s.

[0106] In other aspects, the high impedance structure
or insulator 540 can be constructed to geometrically iso-
late current from one source electrode 530 from untar-
geted nearby structures but allow the current to travel
through a fenestration or other geometrically oriented
opening, there by changing the current density. In a sim-
ple example, a balloon when expanded would partially
cover the electrodes 530 while creating a prescribed tun-
nel for the current to travel through. In an aspect, an
asymmetrical balloon 530 can focus current along the
path of least resistance (generally the shortest linear dis-
tance). In another aspect, an expanding mesh high im-
pedance structure 530 can surround the electrode 530
to safely increase current at that electrode 530 with less
risk of unwanted collateral damage by simply maintaining
a prescribed distance from soft tissues. Such a high im-
pedance structure allows an increase current density at
one end of a bipole near an ablation target while protect-
ing structures at the counterpoint. The use of geometric
high impedance structures or insulators 540 to contour
the current path of a current created between dipole elec-
trodes 530 within a conductive media such as tissue
could be used to precisely deliver electrical ablation or
stimulus energy to targeted tissues adjacent to the high
impedance structure 540.

[0107] Whilethe combination ofthe electrodes 530 and
the high impedance structures 540 are directed to deliver
high voltage ultra short ablation impulses in the pericar-
dial/epicardial space for the purpose of treating cardiac
arrhythmia, there is an immediate implication for other
ablation procedures using the electrode 530/high imped-
ance structures 540 for contouring ablation energy to
vascular walls (in stent restenosis) and/or contour the
virtua electrode 530in ablation procedures targeting solid
tumors and/or prostatic hypertrophy. While balloon cath-
eters are known in the art for the purpose of providing
mechanical force, geometric stabilization, and or the de-
livery of ablation energy such a laser light or ultrasound,
the combination of electrodes 530 and high impedance
structures 540 oriented on a ablation catheter 20 is fun-
damentally distinct as the ablation catheter 20 uses the
high impedance structures 540 to shape the electric cur-
rent used in an in vivo therapy.

[0108] It is contemplated that the independent elec-
trodes 530 can be assigned polarity individually or in
groups. Depending on these polarity assignments, it is
contemplated that the relative orientation of the electrical
impulses and the virtual electrode properties (e.g., the
surface area and thus control current density) of the elec-
trodes 530 can be selectively adjusted. In exemplary as-
pects, the plurality of electrodes 530 of the ablation cath-
eter 20 can be connected to a routing console/switch-
board 610 outside the body where the electrodes 530
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can be assigned arole as arecording electrode, an active
pacing, and/or an ablation electrode, as discussed
above. The console 610, in turn, can be operatively cou-
pled to a computer-controlled signal generator 700 and
recording console 650. In an aspect, the electrode po-
larity assignments can be changed as needed to achieve
one or more desired effects. By changing the relative
polarity assignments of the electrodes 530, at least one
of the virtual electrode shape and the current density can
be selectively varied.

[0109] In another aspect, the ablation energy can be
delivered to a single electrode 530 or to multiple elec-
trodes 530 simultaneously. In an aspect, FIGs. 53a-d dis-
play an array of d exemplary electrode 530 assignments.
FIG 53aiillustrates an extended bipolar arrangement with
equal current density between electrodes 8 and 23. The
selected electrodes 8 and 23 can deliver an ablation im-
pulse for every cardiac cycle, changing the active bipoles
with every cardiac cycle in a step-wise manner. In an
example, if the heart is paced at a 500ms cycle length
the circumferential linear lesion will be delivered in
7.5seconds.

[0110] FIG. 53b illustrates an extended bipolar ar-
rangement with asymmetric current density, wherein
electrode 8 is assigned a different polarity than elec-
trodes 22, 23, and 24. This assignment decreases the
current density at one of the bipols to reduce injury to
bystander structures near the pole.

[0111] FIG. 53c illustrates an extended bipolar ar-
rangement with equal current density but activated as a
simultaneous array. As illustrated, electrodes 9-13 are
assigned one polarity, whereas electrodes 24-28 are as-
signed another. The electrodes 530 are activated simul-
taneously to form complimentary arrays. This could be
employed in cases where sub straight accommodated
more rapid ablation sequencing (2-3 cycle lengths).
[0112] An extended bipolar arrangement with asym-
metric current density is illustrated in FIG. 53d. As shown,
electrodes 11, 12, 17, and 18 are assigned a polarity
different from electrode 30, which creates an extended
bipolar arrangement with a gap in the complementary
electrode array. Such an arrangement can be used to
avoid inadvertent ablation of a vulnerable bystander
structures, including the phrenic nerve.

[0113] Itis still further contemplated that the impulses
can be delivered in a programmed manner, triggered by
feedback from a bio-potential or physiologic signal (such
as respirations, nerve impulses, fluctuations in blood
pressure, and/or the cardiac action potential) or an out-
side event.

[0114] Inexemplary applications, as described above,
the ablation catheter 20 can be deployed such that both
the proximal portion 506 and distal portion 510 of the
elongate shaft 500 are external to the body (the central
portion 508 of the catheter with the multi-electrode array
remains internal). However, in additional applications, it
is contemplated that the ablation catheter 20 can be cus-
tomized to take advantage of target anatomy; in some
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cases, the distal portion 510 of the ablation catheter 20
can remain in the body, and a remote electrode can be
used to complete the ablation procedure.

[0115] Inexemplary applications, the ablation catheter
20 can be employed in a catheter-based epicardial atrial
fibrillation ablation procedure performed in a closed peri-
cardium. In this atrial fibrillation ablation procedure, the
ablation catheter 20 can be advanced over a guide wire
300 that has already been positioned around the epicar-
dial left atrial structures. Thus, the ablation catheter 20
can be deployed into the pericardial space from a subx-
iphoid or apical percutaneous approach, as discussed
above.

[0116] It is contemplated that the guide wire 300 can
be delivered around the left atrium by using the percuta-
neous catheter system 10 described herein to puncture
through two key anatomic obstacles (pericardial reflec-
tions near the vena cava and the right pulmonary veins).
Using this method, the guide wire 300 can enter the peri-
cardium and then travel under the inferior-lateral left ven-
tricle, along the lateral left atria, into the transvers sinus,
along the roof of the left atria, between the right superior
pulmonary vein and superior vena cava (SVC) through
a pericardial puncture site. Then, the guide wire 300 can
travel along the right lateral aspect of the left ventricle,
between the right inferior pulmonary vein and inferior ve-
na cava (IVC), traveling through the second pericardial
puncture into the obtuse sinus under the posterior left
atria. The guide wire 300 can then extend under the ven-
tricle and out of the pericardium such that both ends of
the guide wire 300 are outside the body. Once the guide
wire 300 has been positioned, the ablation catheter 20
can be advanced along the guide wire 300. From this
advantageous position, the ablation energy can be de-
livered directly to the key left atrial ablation targets, there-
by creating a circumferential lesion without the need for
repositioning the ablation catheter 20 or entering the left
atrial blood pool. However, the ablation catheter 20 can
be repositioned to perform other targeted epicardial ab-
lations, including, for example and without limitation, ab-
lation of autonomic ganglia or creation of additional linear
ablation lesions.

[0117] In an aspect a goal of the disclosed ablation
procedure can be the electrophysiological isolation/de-
coupling of key segments of the heart (e.g., the left atrium
and the ostia of the pulmonary veins) that are thought to
be involved in the genesis and/or maintenance of atrial
fibrillation. The disclosed percutaneous catheter system
10 and ablation catheter 20, and the associated ablation
catheter system 600, can provide means for creating a
"box" lesion around ostia of the pulmonary veins without
the need to enter the arterial blood pool. In use, after the
ablation catheter 20 is deployed over the guide wire 300,
one or more electrodes 530 of the plurality of electrodes
530 of the ablation catheter 20 can be used to measure
local electrograms and/or deliver mapping stimuli. Using
an extended bipolar arrangement of the electrodes 530,
the directional electrograms adjacent to the electrodes
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530 can be assessed to permit identification of changes
in the substrate and local conduction block. As further
described herein, the ablation catheter 20 can be con-
nected to one or more impulse generators 700 and a
routing console 610. It is contemplated that the operator
can select an electrode configuration to optimize the vec-
tor of current for each segment of the lesion. In exemplary
aspects, the procedure can be atleast partially computer-
automated while requiring at least some input from the
operator to identify a preferred current vector. The im-
pulse generator 700 can then deliver ablative energy to
the electrodes 530 of the ablation catheter.

[0118] Inexemplary applications, the ablation catheter
20 can be configured to deliver high intensity ultra-short
duration impulses/IE to produce a transmural lesion. In
an aspect, the IE impulses can be delivered by the elec-
trodes 530 in synchrony with the cardiac cycle (e.g., from
about 200 ms to about 300 ms after detection of a QRS
complex) to reduce the chance of inducing arrhythmias.
In an aspect, the impulse strength, duration, duty cycle
and timing of the IE impulses can be selectively adjusted
to tailor the ablation characteristics in real time. In such
an aspect, the real-time adjustments can be required to
address changes in tissue conductance as the lesion
evolves. In exemplary aspects, the power can be adjust-
ed to maintain a constant current density in the virtual
electrode, thereby reducing the tissue conductance. In
such aspects, the tissue conductance can be measured
between impulses and integrated into an automated
feedback circuit. In such aspects, the impulse strength
can be adjusted to electroporation impulses using a
standard unipolar configuration or an extended bipolar
configuration.

[0119] Irreversible electroporation (lE) is a non-ther-
mal ablation technique that can be advantageously used
within the pericardial space. |E works by delivery on ultra-
short (nanoseconds) high voltage (100-1 0,000V) impuls-
es that cause very brief disruption in the membrane of
cells. The disruption in the lipid bilayer leads to cell death
through necrosis or apoptosis, depending on the field
strength involved. In exemplary aspects, the ablation
catheter 20 can permit customization of the direction of
ablation energy within the pericardium. When compared
to RF ablation, IE ablation can produce a lesion that fol-
lows a geometric pattern more closely approximating the
contours of the virtual electrode 530. In such an aspect,
the ablation catheter 20 can take advantage of these
electrophysiologic properties to create a more focal le-
sion that directs the vector of current toward the target
and also reduces the risk of unintended collateral injury.
Although RF ablation using the same extended bipolar
technique shows directionality, local tissue heating can
reduce the current vector effect. (See Fig. 26). Addition-
ally, the IE ablation can leave the intracellular matrix of
tissue relatively undistorted, thereby reducing the risk of
structural tissue instability, rupture, and fistula formation;
there is typically limited or no opportunity for "char" for-
mation on the electrode, so it generally will not need to
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be removed, cleaned, or redeployed. Because nerve fib-
ers are particularly resistant to injury from IE techniques,
IE ablation can reduce the risk of damage to nearby
phrenic nerves. |E ablation can produce effective lesions
in a fraction of the time required to create a transmural
lesion by RF techniques. In exemplary aspects, IE im-
pulses can be delivered via the ablation catheter 20
through the electrodes 530 in an automated fashion in a
variety of extended bipolar orientations to create the com-
plete linear circumscribing lesion in less than 1/10t the
time it would take to produce the same lesion set using
RF ablation techniques. IE ablation techniques are not
dependentontissue thermodynamics, thereby improving
the chance of creating a full thickness lesion. Thermal
techniques such as resistive heating from RF energy can
be less effective because conductive cooling properties
of the blood pool can protect the endocardium. In an as-
pect, IE ablation techniques can be selectively tuned to
create lesions by apoptosis (as opposed to necrosis),
leaving a very clean scar with less local inflammation.
[0120] In exemplary configurations, the ablation cath-
eter system 600 can comprise the ablation catheter 20
and a routing console 610 that s linked to a commercially
available signal generator 700 which is capable of arbi-
trary electrical waveform generation, including simple DC
stimulus, radiofrequency monophasic and biphasic im-
pulse generation, and high voltage ultra short impulse
generation

[0121] Inuse, after an operator has positioned a guide
wire 300 around the left atrium, the ablation catheter 20
can be advanced over the guide wire 300 so that the
array of electrodes 530 (located at the central portion 508
of the elongate shaft 500) now surrounds the left atrium.
The distal portion 510 of the ablation catheter 20 can
extend outside the body of the subject and be passed
through the means for applying tension 524 (e.g., a loop
tensioner 524), as further described herein. The loop ten-
sioner 524 can then be advanced over the proximate
portion 506 and distal portion 510 of the ablation catheter
500 to provide lateral tension and create a closed loop
around the left atrial target structures. The guide wire 300
can then be removed to provide more flexibility and im-
proved tissue contact along the left atrial contours. Small
adjustments can be made using the loop tensioner 524
and/or a variety of custom styluses 524 that can be in-
serted into the catheter wire lumen 512/514. Once a de-
sired position of the electrodes 530 of the ablation cath-
eter 20 around the targeted tissue region is achieved, it
is contemplated that the ablation catheter 20 will not need
to be repositioned.

[0122] The operator can then conduct a limited elec-
trophysiologic study, checking left atrial pacing thresh-
olds and local electrocardiograms. The operator can then
evaluate the radiographic orientation of the electrodes
530 around the left atrium and assign a polarity to the
each respective electrode 530. Optionally, this assign-
ment procedure can be partially automated to reduce the
total steps needed to create and optimal extended bipolar
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vector. The tissue conductance and impedance can be
measured at each electrode 530 at baseline. In an as-
pect, these measurements can be performed in an au-
tomated procedure performed by an automated recorder
and potentially integrated into the control algorithm to
make voltage adjustments, and/or can be performed
manually by the operator. These baseline measurements
can be periodically re-measured to assess local ablation
effects. The data can be used to adjust the applied ab-
lation energy in an automated fashion when such auto-
mated functions are available. It is contemplated that
each electrode 530 of the plurality of electrodes 530 of
the ablation catheter 20 can be used to monitor, pace
and/or deliver energy for ablation. In exemplary aspects,
the ablation energy can be delivered to the plurality of
electrodes 530 using a programed computerized proto-
col synchronized with the cardiac cycle of the subject. In
exemplary applications, the operator can selectively ini-
tiate a sequence activating each electrode 530 individu-
ally and/or in series.

[0123] Itis contemplated thatthe linear ablation should
be completed in less than about 60 seconds (depending
on the baseline heart rate and total length of the linear
lesion being created). In the exemplary system we will
overdrive pace the heart at a rate between 100 and 120
beats per minute. In order to deliver ablation pulses or
train of pulses to each electrode we will discharge the
device n*1/2 times the number of electrodes in the array.
In our example we use 30 electrodes therefor a complet-
ed cycle will take 7.5 seconds. Conceivably the entire
procedure could be performed in 7.5 milliseconds with
commercially available solid-state high voltage relays.
[0124] Inanaspect, anelectrophysiologic study of con-
duction block can be performed without any repositioning
of the ablation catheter 20. The operator can perform a
programed stimulus protocol to identify gaps in the linear
lesion. In the example the operator would perform an
electrophysiologic study prior to the ablation. The princi-
pal maneuver would be to measure the pacing threshold
at each point along the ablation catheter 20. The elec-
trodes 530 of the ablation catheter 20 can be used for
measuring the pacing threshold, or other pacing meas-
uring devices can be used. After the ablation is delivered
the operator could retest the capture threshold. The an-
ticipated results would be an increase in the local pacing
threshold. Furthermore a more standard electrophysio-
logic study can be performed using pacing electrodes in
the pericardial space and/or standard diagnostic electro-
physiologic catheters in the right atria, coronary sinus
and right ventricle. Conformation that the pulmonary
veins are electrically uncoupled from the rest of the left
atria is a standard clinical practice. Atrial pacing form
inside the lesion boundary can be performed using a re-
mote stimulus electrode, which can optionally be a part
of the loop tensioner 524. When there is evidence of con-
duction outside the lesion (as evidenced by capture of
the atria), the operator can evaluate the local electro-
grams to identify potential gaps in the lesion. It is con-
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templated that the extended bipolar arrangement of the
electrodes 530 can be useful in determining timing and
direction of local depolarization. Electrodes overlaying
these potentialincomplete ablation sites can be identified
and additional energy can be delivered as needed.
[0125] Once complete electrophysiologic block around
the pulmonary veins is verified, it is further contemplated
that the ablation catheter 20 can also be used to evaluate
autonomic ganglia that are common along this path.
These potential targets can be identified with neuro-stim-
ulus techniques and evaluation of epicardial signals. The
operator can choose to deliver RF ablationtothese select
sites, if desired. After the ablation is complete, it is con-
templated that the ablation catheter 20 can be removed
or repositioned to create lesions at additional ablation
target sites.

[0126] As described herein, the ablation catheter 20 is
an over-the-wire ablation catheter with an array of mul-
tipleple electrodes 530 located on its mid (central) portion
508. The ablation catheter 20 can be more flexible than
other clinically available catheter-based ablation devices
to permit tissue contact around the left atrial structures.
The electrodes 530 can be capable of monitoring and/or
delivering RF energy, electroporation impulses, and pro-
gramed cardiac pacing and/or neuro-stimulus. The ability
of the disclosed ablation catheter 20 to individualize the
as-extended bipolar electrode 530 can take advantage
of the natural geometry inside the pericardial space to
deliver energy to a series of electrodes arranged around
the target structure.

[0127] In use, once the ablation catheter 20 is de-
ployed, itis contemplated that a linear lesion can be cre-
ated without need to reposition the catheter 20. It is fur-
ther contemplated that the ablation catheter 20 can pro-
vide a stable and contiguous array of electrodes 530
along the target path that can deliver ablation energy and
can also be used to confirm electrophysiologic block us-
ing an extended bipolar electrocardiographic technique.
It is contemplated that the use of high impedance struc-
tures 540 positioned along the bipolarly aligned elec-
trodes can further adjust the density of the current ap-
plied. It is contemplated that the ability to perform the
entire procedure without repositioning of the ablation
catheter 20 can save time and potentially make this ap-
proach more effective than standard point-by-point tech-
niques, which often require frequent repositioning and/or
advanced noncontact mapping techniques to identify in-
complete segments in the ablation lesion. For epicardial
techniques performed from the pericardial space, such
manipulation is fraught with danger and technical limita-
tions. The disclosed ablation catheter 20 takes advan-
tage of the natural contours of the left atrial epicardial
surface to provide reliable and stable electrode contact.
[0128] As will be appreciated by one skilled in the art,
the methods and systems described above in relation to
the ablation catheter system 600 may take the form of
an entirely hardware embodiment, an entirely software
embodiment, or an embodiment combining software and
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hardware aspects. Furthermore, the methods and sys-
tems may take the form of a computer program product
on a computer-readable storage medium having compu-
ter-readable program instructions (e.g., computer soft-
ware) embodied in the storage medium. More particular-
ly, the present methods and systems may take the form
of web-implemented computer software. Any suitable
computer-readable storage medium may be utilized in-
cluding hard disks, CD-ROMs, optical storage devices,
or magnetic storage devices.

[0129] Some embodiments of the methods and sys-
tems discussed above and below can be described with
reference to block diagrams and flowchart illustrations of
methods, systems, apparatuses and computer program
products. Itwill be understood that each block of the block
diagrams and flowchart illustrations, and combinations
ofblocksin the block diagrams and flowchartillustrations,
respectively, can be implemented by computer program
instructions. These computer program instructions may
be loaded onto a general purpose computer, special pur-
pose computer, or other programmable data processing
apparatus to produce a machine, such that the instruc-
tions which execute on the computer or other program-
mable data processing apparatus create a means for im-
plementing the functions specified in the flowchart block
or blocks.

[0130] These computer program instructions may also
be stored in a computer-readable memory that can direct
a computer or other programmable data processing ap-
paratus to function in a particular manner, such that the
instructions stored in the computer-readable memory
produce an article of manufacture including computer-
readable instructions for implementing the function spec-
ified in the flowchart block or blocks. The computer pro-
gram instructions may also be loaded onto a computer
or other programmable data processing apparatus to
cause a series of operational steps to be performed on
the computer or other programmable apparatus to pro-
duce a computer-implemented process such that the in-
structions that execute on the computer or other pro-
grammable apparatus provide steps for implementing
the functions specified in the flowchart block or blocks.
[0131] Accordingly, blocks of the block diagrams and
flowchart illustrations support combinations of means for
performing the specified functions, combinations of steps
for performing the specified functions and program in-
struction means for performing the specified functions. It
will also be understood that each block of the block dia-
grams and flowchart illustrations, and combinations of
blocks in the block diagrams and flowchart illustrations,
can be implemented by special purpose hardware-based
computer systems that perform the specified functions
or steps, or combinations of special purpose hardware
and computer instructions.

[0132] The methods and systems that have been in-
troduced above, and discussed in further detail below,
have been and will be described as comprised of units.
One skilledinthe art will appreciate that this is a functional
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description and that the respective functions can be per-
formed by software, hardware, or a combination of soft-
ware and hardware. A unit can be software, hardware,
or a combination of software and hardware. The units
can comprise the ablation control software 806 as illus-
trated in FIG. 44 and described below. In one exemplary
aspect, the units can comprise a computer 800 as illus-
trated in FIG. 44 and described below.

[0133] FIG. 44 is a block diagram illustrating an exem-
plary operating environment for performing the disclosed
methods. This exemplary operating environment is only
an example of an operating environment and is not in-
tended to suggest any limitation as to the scope of use
or functionality of operating environment architecture.
Neither should the operating environment be interpreted
as having any dependency or requirement relating to any
one or combination of components illustrated in the ex-
emplary operating environment.

[0134] The present methods and systems can be op-
erational with numerous other general purpose or special
purpose computing system environments or configura-
tions. Examples of well known computing systems, en-
vironments, and/or configurations that can be suitable
for use with the systems and methods comprise, but are
not limited to, personal computers, server computers,
laptop devices, and multiprocessor systems. Additional
examples comprise set top boxes, programmable con-
sumer electronics, network PCs, minicomputers, main-
frame computers, distributed computing environments
that comprise any of the above systems or devices, and
the like.

[0135] The processing of the disclosed methods and
systems can be performed by software components. The
disclosed systems and methods can be described in the
general context of computer-executable instructions,
such as program modules, being executed by one or
more computers or other devices. Generally, program
modules comprise computer code, routines, programs,
objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data
types. The disclosed methods can also be practiced in
grid-based and distributed computing environments
where tasks are performed by remote processing devices
that are linked through a communications network. In a
distributed computing environment, program modules
can be located in both local and remote computer storage
media including memory storage devices.

[0136] Further, one skilled in the art will appreciate that
the systems and methods disclosed herein can be im-
plemented via a general-purpose computing device in
the form of a computer 800. The components of the com-
puter 800 can comprise, but are not limited to, one or
more processors or processing units 803, asystem mem-
ory 808, and a system bus 813 that couples various sys-
tem components including the processor 803 to the sys-
tem memory 808. In the case of multiple processing units
803, the system can utilize parallel computing.

[0137] The system bus 813 represents one or more of
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several possible types of bus structures, including a
memory bus or memory controller, a peripheral bus, an
accelerated graphics port, and a processor or local bus
using any of a variety of bus architectures. By way of
example, such architectures can comprise an Industry
Standard Architecture (ISA) bus, a Micro Channel Archi-
tecture (MCA) bus, an Enhanced ISA (EISA) bus, a Video
Electronics Standards Association (VESA) local bus, an
Accelerated Graphics Port (AGP) bus, and a Peripheral
Component Interconnects (PCl), a PCI-Express bus, a
Personal Computer Memory Card Industry Association
(PCMCIA), Universal Serial Bus (USB) and the like. The
bus 813, and all buses specified in this description can
also be implemented over a wired or wireless network
connection and each of the subsystems, including the
processor 803, a mass storage device 804, an operating
system 805, ablation control software 806, data 807, a
network adapter 809, system memory 808, an Input/Out-
put Interface 812, a display adapter 810, a display device
811, and a human machine interface 802, can be con-
tained within one or more remote computing devices 814
at physically separate locations, connected through bus-
es of this form, in effect implementing a fully distributed
system.

[0138] The computer 800 typically comprises a variety
of computer readable media. Exemplary readable media
can be any available media that is accessible by the com-
puter 800 and comprises, for example and not meant to
be limiting, both volatile and non-volatile media, remov-
able and non-removable media. The system memory 808
comprises computer readable media in the form of vol-
atile memory, such as random access memory (RAM),
and/or non-volatile memory, such as read only memory
(ROM). The system memory 808 typically contains data
such as data 807 and/or program modules such as op-
erating system 805 and ablation control software 806 that
are immediately accessible to and/or are presently op-
erated on by the processing unit 803.

[0139] In another aspect, the computer 800 can also
comprise other removable/non-removable, volatile/non-
volatile computer storage media. By way of example,
FIG. 1 illustrates a mass storage device 804 which can
provide non-volatile storage of computer code, computer
readable instructions, data structures, program modules,
and other data for the computer 800. For example and
not meant to be limiting, a mass storage device 804 can
be a hard disk, a removable magnetic disk, a removable
optical disk, magnetic cassettes or other magnetic stor-
age devices, flash memory cards, CD-ROM, digital ver-
satile disks (DVD) or other optical storage, random ac-
cess memories (RAM), read only memories (ROM), elec-
trically erasable programmable read-only memory (EEP-
ROM), and the like.

[0140] Optionally, any number of program modules
can be stored on the mass storage device 804, including
by way of example, an operating system 805 and ablation
control software 806. Each of the operating system 805
and ablation control software 806 (or some combination
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thereof) can comprise elements of the programming and
the ablation control software 806. Data 807 can also be
stored on the mass storage device 804. Data 807 can be
stored in any of one or more databases known in the art.
Examples of such databases comprise, DB2®, Micro-
soft® Access, Microsoft® SQL Server, Oracle®, mySQL,
PostgreSQL, and the like. The databases can be cen-
tralized or distributed across multiple systems.

[0141] In another aspect, the user can enter com-
mands and information into the computer 800 via an input
device (notshown). Examples of such input devices com-
prise, but are not limited to, a keyboard, pointing device
(e.g., a "mouse"), a microphone, a joystick, a scanner,
tactile input devices such as gloves, and other body cov-
erings, and the like. These and other input devices can
be connected to the processing unit 803 via a human
machine interface 802 that is coupled to the system bus
813, but can be connected by other interface and bus
structures, such as a parallel port, game port, an IEEE
1394 Port (also known as a Firewire port), a serial port,
or a universal serial bus (USB).

[0142] In yet another aspect, a display device 811 can
also be connected to the system bus 813 via aninterface,
such as a display adapter 810. It is contemplated that
the computer 800 can have more than one display adapt-
er 810 and the computer 800 can have more than one
display device 811. For example, a display device can
be a monitor, an LCD (Liquid Crystal Display), or a pro-
jector. In addition to the display device 811, other output
peripheral devices can comprise components such as
speakers (not shown) and a printer (not shown) which
can be connected to the computer 800 via Input/Output
Interface 812. Any step and/or result of the methods can
be output in any form to an output device. Such output
can be any form of visual representation, including, but
not limited to, textual, graphical, animation, audio, tactile,
and the like. Likewise, the routing console 610, recording
console 650, and signal generator 700 can communicate
with the computer 800 and its components through the
Input/Output Interface 812.

[0143] The computer 800 can operate in a networked
environmentusing logical connections to the routing con-
sole 610, recording console 650, and signal generator
700 and/or to one or more remote computing devices
814. By way of example, a remote computing device can
be a personal computer, portable computer, a server, a
router, a network computer, a wireless connected tablet
or mobile device, a peer device or other common network
node, and so on. Logical connections between the com-
puter 800 and a remote computing device 814 can be
made via a local area network (LAN) and a general wide
area network (WAN). Such network connections can be
through a network adapter 809. A network adapter 809
can be implemented in both wired and wireless environ-
ments. Such networking environments are conventional
and commonplace in offices, enterprise-wide computer
networks, intranets, cellular networks and the Internet
815.
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[0144] For purposes of illustration, application pro-
grams and other executable program components such
as the operating system 805 are illustrated herein as dis-
crete blocks, althoughitis recognized that such programs
and components reside at various times in different stor-
age components of the computing device 800, and are
executed by the data processor(s) of the computer. An
implementation of ablation control software 806 can be
stored on or transmitted across some form of computer
readable media. Any of the disclosed methods can be
performed by computer readable instructions embodied
on computer readable media. Computer readable media
can be any available media that can be accessed by a
computer. By way of example and not meant to be limit-
ing, computer readable media can comprise "computer
storage media" and "communications media." "Compu-
ter storage media" comprise volatile and non-volatile, re-
movable and non-removable media implemented in any
methods or technology for storage of information such
as computer readable instructions, data structures, pro-
gram modules, or other data. Exemplary computer stor-
age media comprises, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any
other medium which can be used to store the desired
information and which can be accessed by a computer.
[0145] The methods and systems can employ Atrtificial
Intelligence techniques such as machine learning and
iterative learning. Examples of such techniques include,
but are not limited to, expert systems, case based rea-
soning, Bayesian networks, behavior based Al, neural
networks, fuzzy systems, evolutionary computation (e.g.
genetic algorithms), swarm intelligence (e.g. ant algo-
rithms), and hybrid intelligent systems (e.g. Expert infer-
ence rules generated through a neural network or pro-
duction rules from statistical learning).

[0146] The proposed procedures are performed under
conscious sedation and local anesthesia in a standard
cardiac catheterization laboratory. The patientis prepped
in the typical manner for an electrophysiologic study with
an additional sterile field exposing the anterior chest and
upper abdomen. Stimulus and mapping catheters are po-
sitioned in the RA, RV, and CS position. Percutaneous
access to the pericardial space is achieved using a mod-
ified Seldinger technique or clinically available pericardial
access tool. A small volume of iodinated contrast is in-
jected into the pericardial space for visualization of key
cardiac landmarks. The percutaneous track is expanded
to accommodate catheter insertion. The clinical goal of
the procedure will be to position a multi-electrode ablation
catheter within the pericardial space for the purpose of
ablation. The catheter will follow a course that circumfer-
entially divides the more anterior left atrial structures from
the pulmonary veins . Once in a stable position, the cath-
eter’'s multi-electrode array will be used to deliver a single
linear ablation lesion that can electrophysiologically iso-
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late arrhythmogenic substrate of pulmonary veins from
the greater left atrium.

[0147] As further described herein, it is contemplated
that epicardial positioning the ablation catheter 20 can
have mechanical advantages over endocardial multi-
electrode arrays. The ablation catheter 20 can tailor the
circumference of the loop formed by the elongate shaft
500 of the catheter 20 with little effort to provide full cov-
erage. The flexibility of the ablation catheter 20 can pro-
vide a mechanism for secure tissue contact around com-
plex anatomic geometry. It is further contemplated that
the natural spatial limitation of the pericardial space pro-
vides a natural mechanism to assure electrode approx-
imation. Furthermore, the risks of performing ablation
from the epicardial surface place the ablation electrode
530 closer to some important bystander structures that
necessitate the delivery of ablative energy with pro-
gramed directional vectors. (See Fig. 23). With RF ener-
gy ablation, extended bipolar ablation can result in
40-50% deeper lesion in the direction of the programed
vector. With IE ablation, the potential for creating a pref-
erential directional injury vector can be greater because
there is limited or no thermal energy. Typically, unipolar
applications utilize an externalized grounding pad that
results in a diffuse or spherical virtual electrode, while
currently known bipolar ablation techniques typically uti-
lize electrode pairs that are in very close proximity, re-
quire equipment is cumbersome, and require entry into
both the pericardium and the left atrial blood pool.
[0148] In exemplary aspects, it is contemplated that
the ablation catheter 20 can be modified to deliver gene
therapy. In these aspects, itis contemplated that the elon-
gate shaft 500 of the ablation catheter 20 can be modified
to have irrigation side ports. It is further contemplated
that a DNA or RNA vector can be delivered via the cath-
eter using a tailored electroporation impulse.

[0149] In other exemplary aspects, it is contemplated
thatthe ablation catheter 20 can be employed in a method
for prostate ablation. In these aspects, itis contemplated
that, in patients with benign prostatic hypertrophy and
urinary obstruction, the ablation catheter 20 can be po-
sitioned to deliver irreversible electroporation impulses
in an extended bipolar or unipolar configuration. High im-
pedance structures 540 can be further utilized by the ab-
lation catheter 20 in an extended bipolar configuration to
increase the density current at targeted areas. In use,
the ablation catheter can be advanced over a guide wire
300 that has been delivered into the bladder non-trau-
matically. It is contemplated that this technique can pro-
vide substantial advantages over current procedures,
which are typically traumatic to the transitional endothe-
lium of the urethra. With irreversible electroporation, it is
contemplated thatthe impulse can be tailored to minimize
inflammation and damage to the greater tissue architec-
ture.

[0150] In other exemplary aspects, it is contemplated
that the ablation catheter 20 can be used to preserve
erectile function. In these aspects, the ablation catheter
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20 can be used to ablate selected nerve axons.

[0151] Infurther exemplary aspects, it is contemplated
thatthe ablation catheter 20 can be configured for therapy
for solid tumors. Typically, current electroporation devis-
es are created to place a pair of needle electrodes into
the tumor using open and minimally-invasive surgical
techniques. However, itis contemplated that the ablation
catheter 20, with its over-the-wire electrode array, can
be used in treating tumors which can be accessed
through the vascular space (e.g., palliative therapy for
renal cell carcinoma that is extending into the vena cava).
[0152] In still further exemplary aspects, it is contem-
plated that the ablation catheter 20 can be used to treat
pulmonary hypertension where there is substantial en-
dothelial remodeling and hypertrophy of the pulmonary
vascular structures. In these aspects, the ablation cath-
eter 20 can be used to "prune" the smooth muscle mass
in these hypertrophied vessels and potentially lead to a
favorable remodeling. It is contemplated that the elec-
trodes of the ablation catheter 20 can be advanced
around the hilum of the kidneys (using laparoscopic tech-
niques) for purposes performing renal denervation and
managing malignant refractory hypertension.

Claims

1. An ablation system for use to ablate a portion of the
left atrium of a heart of a subject, comprising:

a. a guide wire (300) configured for placement
around the portion of the left atrium;
b. a percutaneous catheter system comprising:

i. a first catheter (100) having a longitudinal
axis, a longitudinal length, a proximal por-
tion, and a distal portion, the distal portion
of the first catheter defining a distal end of
the first catheter, the distal end of the first
catheter defining an opening, the first cath-
eter defining at least one lumen extending
from the opening of the distal end toward
the proximal portion of the first catheter
along at least a portion of the longitudinal
length of the first catheter, wherein the at
least one lumen is configured to receive the
guide wire, a first magnet assembly (120)
positioned proximate the distal end of the
first catheter and operatively coupled to the
distal portion of the first catheter, and a nee-
dle operatively positioned within the at least
one lumen, the needle having a distal punc-
turing surface and configured for selective
axial movement relative to the longitudinal
axis of the first catheter, the first magnet as-
sembly of the first catheter configured to be
disposed proximate to a first side of a first
pericardial reflection of the subject; and
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ii. a second catheter (200) having a longitu-
dinal axis, a longitudinal length, a proximal
portion, and a distal portion, the distal por-
tion of the second catheter defining a distal
end of the second catheter, the distal end
of the second catheter defining an opening,
the second catheter defining at least one
lumen extending from the opening of the
distal end toward the proximal portion of the
second catheter along at least a portion of
the longitudinal length of the second cath-
eter, wherein the at least one lumen is con-
figured to receive the guide wire, and a sec-
ond magnet assembly (220) positioned
proximate the distal end of the second cath-
eter and operatively coupled to the distal
portion of the second catheter, the second
magnet assembly of the second catheter
configured to be disposed proximate to a
second side of the first pericardial reflection,

wherein the first magnet assembly is configured
for magnetic coupling to the second magnet as-
sembly across the first pericardial reflection
such that the longitudinal axis of the first catheter
is substantially axially aligned with the longitu-
dinal axis of the second catheter, such that the
distal puncturing surface of the needle can punc-
ture the first pericardial reflection and be re-
ceived within the opening of the distal end of the
sec ond catheter and permit transfer of the guide
wire fromthe first catheter to the second catheter
through the first pericardial reflection, and
wherein the first and second catheters are con-
figured to magnetically decouple to leave the
guide wire in placement through the first peri-
cardial reflection,

wherein the first catheter, the second catheter,
and the needle are further configured to be re-
positioned during use to pierce a second peri-
cardial reflection of the subjectto leave the guide
wire in place through the first pericardial reflec-
tion and the second pericardial reflection; and
c. an ablation catheter (20) for ablating the por-
tion of the left atrium and configured to be posi-
tioned during use over the guide wire and
through the first pericardial reflection and the
second pericardial reflection , comprising:

i. a flexible elongate shaft having a longitu-
dinal axis, a longitudinal length, a proximal
portion, a central portion, and a distal por-
tion, wherein the flexible elongate shaft de-
fines a primary lumen configured to receive
the guide wire; and

ii. a plurality of electrodes spaced along the
longitudinal length of the elongate shaft ex-
clusively within the central portion of the
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elongate shaft, the plurality of electrodes
being integrally formed with the elongate
shaft, wherein the flexible elongate shaft is
configured for selective positioning

within the body of the subject such that the cen-
tral portion of the elongate shaft that includes
the plurality of electrodes at least partially sur-
rounds the left pulmonary veins and the right
pulmonary veins of the left atrium of the heart of
the subject and the proximal and distal portions
of the elongate shaft are positioned external to
the body of the subject, and wherein, upon po-
sitioning of the elongate shaft such that the cen-
tral portion of the elongate shaft that includes
the plurality of electrodes at least partially sur-
rounds the left atrium, each electrode of the plu-
rality of electrodes configured for selective, in-
dependent activation to apply ablative energy to
portion of the left atrium of the heart.

The ablation system of claim 1, the first catheter and
the second catheter each having a length sufficient
to permit advancement into the transverse sinus of
the pericardium of the heart of the subject.

The ablation system of claim 1 or 2, the first catheter
and the second catheter exhibiting rotational rigidity
during use.

The ablation system of any of the preceding claims,
wherein atleast two electrodes of the plurality of elec-
trodes of the ablation catheter are assigned to per-
form in a bipolar fashion.

The ablation system of any of the preceding claims,
wherein at least one electrode of the plurality of elec-
trodes of the ablation catheter is further configured
to selectively record one or more electrical signals.

Patentanspriiche

Ein Ablationssystem zur Verwendung bei der Abla-
tion eines Anteils des linken Vorhofs eines Herzens
eines Individuums, das Folgendes beinhaltet:

a. einen Fihrungsdraht (300), der dazu ausge-
legt ist, um den Anteil des linken Vorhofs herum
platziert zu werden;

b. ein perkutanes Kathetersystem, das Folgen-
des beinhaltet:

i. einen ersten Katheter (100) mit einer
Langsachse, einer Lange in Langsrichtung,
einem proximalen Anteil und einem distalen
Anteil, wobei der distale Anteil des ersten
Katheters ein distales Ende des ersten Ka-
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theters definiert, das distale Ende des ers-
ten Katheters eine Offnung definiert, der
erste Katheter mindestens ein Lumen defi-
niert, das sich aus der (")ffnung des distalen
Endes zu dem proximalen Anteil des ersten
Katheters entlang mindestens eines Anteils
der Lange in Langsrichtung des ersten Ka-
theters erstreckt, wobei das mindestens ei-
ne Lumen dazu ausgelegt ist, Folgendes
aufzunehmen: den Fuhrungsdraht, eine
erste Magnetbaugruppe (120), die in der
Nahe des distalen Endes des ersten Kathe-
ters positioniert ist und betriebsfahig mit
dem distalen Anteil des ersten Katheters
gekoppelt ist, und eine Nadel, die betriebs-
fahig in dem mindestens einen Lumen po-
sitioniert ist, wobei die Nadel eine distale
Punktierungsflache aufweist und zur selek-
tiven axialen Bewegung relativ zu der
Langsachse des ersten Katheters ausge-
legt ist, wobei die erste Magnetbaugruppe
des ersten Katheters dazu ausgelegt ist, in
der Nahe einer ersten Seite einer ersten pe-
rikardialen Umschlagfalte des Individuums
angeordnet zu sein; und

ii.einen zweiten Katheter (200) mit einer
Langsachse, einer Lange in Langsrichtung,
einem proximalen Anteil und einem distalen
Anteil, wobei der distale Anteil des zweiten
Katheters ein distales Ende des zweiten Ka-
theters definiert, das distale Ende des zwei-
ten Katheters eine Offnung definiert, der
zweite Katheter mindestens ein Lumen de-
finiert, das sich von der(")ffnung desdistalen
Endes hin zu dem proximalen Anteil des
zweiten Katheters entlang mindestens ei-
nes Anteils der Lange in Langsrichtung des
zweiten Katheters erstreckt, wobei das min-
destens eine Lumen dazu ausgelegt ist,
Folgendes aufzunehmen: den Fihrungs-
draht und eine zweite Magnetbaugruppe
(220), die in der Nahe des distalen Endes
des zweiten Katheters positioniert ist und
betriebsfahig mit dem distalen Anteil des
zweiten Katheters gekoppelt ist, wobei die
zweite Magnetbaugruppe des zweiten Ka-
theters dazu ausgelegtist, in der Nahe einer
zweiten Seite der ersten perikardialen Um-
schlagfalte angeordnet zu sein,

wobei die erste Magnetbaugruppe zum magne-
tischen Koppeln mit der zweiten Magnetbau-
gruppe Uber die erste perikardiale Umschlagfal-
te hinweg ausgelegt ist, sodass die Langsachse
des ersten Katheters im Wesentlichen axial mit
der Langsachse des zweiten Katheters ausge-
richtetist, sodass die distale Punktierungsflache
der Nadel die erste perikardiale Umschlagfalte
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punktieren kann und innerhalb der Offnung des
distalen Endes des zweiten Katheters aufge-
nommen werden kann und den Transfer des
Fihrungsdrahts von dem ersten Katheter zu
dem zweiten Katheter durch die erste perikardi-
ale Umschlagfalte erlauben kann, und wobei der
erste und zweite Katheter dazu ausgelegt sind,
sich magnetisch zu entkoppeln, um den Fih-
rungsdraht in seiner Platzierung durch die erste
perikardiale Umschlagfalte zu belassen,

wobei der erste Katheter, der zweite Katheter
und die Nadel ferner dazu ausgelegt sind, wah-
rend der Verwendung neu positioniert zu wer-
den, um eine zweite perikardiale Umschlagfalte
des Individuums zu durchstechen, um den Fih-
rungsdraht an Ort und Stelle durch die erste pe-
rikardiale Umschlagfalte und die zweite perikar-
diale Umschlagfalte zu belassen; und

c. einen Ablationskatheter (20) zum Abladieren
des Anteils des linken Vorhofs und dazu ausge-
legt, wahrend der Verwendung uber den Fih-
rungsdraht und durch die erste perikardiale Um-
schlagfalte und die zweite perikardiale Um-
schlagfalte positioniert zu sein, wobei der Abla-
tionskatheter Folgendes beinhaltet:

i. einen biegsamen langlichen Schaft mit ei-
ner Langsachse, einer Lange in Langsrich-
tung, einem proximalen Anteil, einem zen-
tralen Anteil und einem distalen Anteil, wo-
bei der biegsame langliche Schaft ein pri-
mares Lumen definiert, das zum Aufneh-
men des Fihrungsdrahts ausgelegt ist; und
ii. eine Vielzahl von Elektroden, die entlang
der Lange in Langsrichtung des langlichen
Schafts ausschlieRlich innerhalb des zen-
tralen Anteils des langlichen Schafts beab-
standet liegen, wobei die Vielzahl von Elek-
troden mit dem langlichen Schaft integriert
ausgebildet sind, wobei der biegsame lang-
liche Schaft dazu ausgelegt ist, selektiv in-
nerhalb des Kérpers des Individuums posi-
tioniert zu sein, sodass der zentrale Anteil
des langlichen Schafts, der die Vielzahl von
Elektroden umfasst, mindestens teilweise
die linken Lungenvenen und die rechten
Lungenvenen des linken Vorhofs des Her-
zens des Individuums umgibt und die pro-
ximalen und distalen Anteile des langlichen
Schafts aulderhalb des Koérpers des Indivi-
duums positioniert sind, und wobei nach
dem Positionieren des langlichen Schafts,
sodass der zentrale Anteil des langlichen
Schafts, der die Vielzahl von Elektroden
umfasst, mindestens teilweise den linken
Vorhof umgibt, jede Elektrode der Vielzahl
von Elektroden dazu ausgelegt ist, selektiv
unabhangig aktiviert zu werden, um Ablati-



51 EP 2 882 336 B1

onsenergie an einem Anteil des linken Vor-
hofs des Herzens anzulegen.

Ablationssystem gemaf Anspruch 1, wobei der ers-
te Katheter und der zweite Katheter jeweils eine Lan-
ge aufweisen, die ausreichend ist, um das Vorschie-
benin den Sinus transversus des Perikards des Her-
zens des Individuums zu erlauben.

Ablationssystem gemaf Anspruch 1 oder 2, wobei
der erste Katheter und der zweite Katheter wahrend
der Verwendung Drehsteifigkeit aufweisen.

Ablationssystem gemaR einem der vorhergehenden
Anspriche, wobei mindestens zwei Elektroden der
Vielzahl von Elektroden des Ablationskatheters zur
bipolaren Durchfiihrungsweise bestimmt sind.

Ablationssystem gemaR einem der vorhergehenden
Anspriiche, wobei mindestens eine Elektrode der
Vielzahl von Elektroden des Ablationskatheters fer-
ner zum selektiven Aufzeichnen eines oder mehre-
rer elektrischer Signale ausgelegt ist.

Revendications

Systeme d’ablation destiné a étre utilisé pour ablater
une partie de I'atrium gauche d’un coeur d’un sujet,
comprenant :

a. un fil de guidage (300) configuré pour étre
placé autour de la partie de I'atrium gauche ;
b. un systtme de cathéters percutanés
comprenant :

i. un premier cathéter (100) ayant un axe
longitudinal, une longueur longitudinale,
une partie proximale, et une partie distale,
la partie distale du premier cathéter définis-
sant une extrémité distale du premier ca-
théter, I'extrémité distale du premier cathé-
ter définissant une ouverture, le premier ca-
théter définissant au moins une lumiéere
s’étendant depuis I'ouverture de I'extrémité
distale vers la partie proximale du premier
cathéter le long d’au moins une partie de la
longueur longitudinale du premier cathéter,
dans lequel 'au moins une lumiére est con-
figurée pour recevoir le fil de guidage, un
premier ensemble d’aimant (120) position-
né a proximité de I'extrémité distale du pre-
mier cathéter et couplé fonctionnellement a
la partie distale du premier cathéter, et une
aiguille positionnée fonctionnellemental’in-
térieur de I'au moins une lumiére, I'aiguille
comportant une surface de perforation dis-
tale et étant configurée pour se déplacer sé-
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lectivement axialement par rapport a I'axe
longitudinal du premier cathéter, le premier
ensemble d’aimant du premier cathéter
étant configuré pour étre disposé a proximi-
té d’'un premier coté d’'une premiére ré-
flexion péricardique du sujet ; et

ii. un second cathéter (200) ayant un axe
longitudinal, une longueur longitudinale,
une partie proximale, et une partie distale,
la partie distale du second cathéter définis-
sant une extrémité distale du second cathé-
ter, 'extrémité distale du second cathéter
définissant une ouverture, le second cathé-
ter définissant au moins une lumiére s’éten-
dant depuis 'ouverture de I'extrémité dista-
le vers la partie proximale du second cathé-
ter le long d’au moins une partie de la lon-
gueur longitudinale du second cathéter,
dans lequel I'au moins une lumiére est con-
figurée pour recevoir le fil de guidage, et un
second ensemble d’aimant (220) position-
né a proximité de I'extrémité distale du se-
cond cathéter et couplé fonctionnellement
a la partie distale du second cathéter, le se-
cond ensemble d’aimant du second cathé-
ter étant configuré pour étre disposé a proxi-
mité d’un second c6té de la premiére ré-
flexion péricardique,

dans lequel le premier ensemble d’aimant est
configuré pour étre couplé magnétiquement au
second ensemble d’aimant en travers de la pre-
miére réflexion péricardique de telle sorte que
I'axe longitudinal du premier cathéter soit aligné
sensiblement axialement avec I'axe longitudinal
du second cathéter, de telle sorte que la surface
de perforation distale de l'aiguille puisse perfo-
rer la premiere réflexion péricardique et étre re-
cue dans I'ouverture de I'extrémité distale du se-
cond cathéter et permettre le transfert du fil de
guidage du premier cathéter au second cathéter
a travers la premiere réflexion péricardique, et
danslequelles premier et second cathéters sont
configurés pour se découpler magnétiquement
afin de laisser le fil de guidage en place a travers
la premiére réflexion péricardique,

dans lequel le premier cathéter, le second ca-
théter, et 'aiguille sont configurés en outre pour
étre repositionnés durant leur utilisation afin de
percer une seconde réflexion péricardique du
sujet pour laisser le fil de guidage en place a
travers la premiere réflexion péricardique et la
seconde réflexion péricardique ; et

c. un cathéter d’ablation (20) destiné a ablater
la partie de I'atrium gauche et configuré pour
étre positionné durant son utilisation par-dessus
lefil de guidage et a travers la premiére réflexion
péricardique et la seconde réflexion péricardi-
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que, comprenant :

i. une tige allongée souple ayant un axe lon-
gitudinal, une longueur longitudinale, une
partie proximale, une partie centrale, et une
partie distale, dans lequel la tige allongée
souple définit une lumiere principale confi-
gurée pour recevoir le fil de guidage ; et

ii. une pluralité d’électrodes espacées le
long de la longueur longitudinale de la tige
allongée exclusivement dans la partie cen-
trale de la tige allongée, la pluralité d’élec-
trodes étant formée de maniére intégrée a
la tige allongée, dans lequel la tige allongée
souple est configurée pour étre positionnée
sélectivement a I'intérieur du corps du sujet
de telle sorte que la partie centrale de la tige
allongée qui comporte la pluralité d’électro-
des entoure au moins partiellement les vei-
nes pulmonaires gauches et les veines pul-
monaires droites de I'atrium gauche du
coeur du sujet et les parties proximale et
distale de la tige allongée sont positionnées
a I'extérieur du corps du sujet, et dans le-
quel, lors du positionnement de la tige al-
longée de telle sorte que la partie centrale
de la tige allongée qui comporte la pluralité
d’électrodes entourant au moins partielle-
ment I'atrium gauche, chaque électrode de
la pluralité d’électrodes soit configurée pour
une activation sélective indépendante afin
d’appliquer une énergie ablative a une par-
tie de I'atrium gauche du coeur.

Systeme d’ablation selon la revendication 1, le pre-
mier cathéter et le second cathéter ayant chacun
une longueur suffisante pour permettre leur avancée
dans le sinus transversal du péricarde du coeur du
sujet.

Systeme d’ablation selon la revendication 1 ou 2, le
premier cathéter et le second cathéter présentant
durant leur utilisation une rigidité rotationnelle.

Systeme d’ablation selon I'une quelconque des re-
vendications précédentes, dans lequel au moins
deux électrodes de la pluralité d’électrodes du ca-
théter d’ablation sont désignées pour fonctionner de
maniéere bipolaire.

Systeme d’ablation selon I'une quelconque des re-
vendications précédentes, dans lequel au moins une
électrode de la pluralité d’électrodes du cathéter
d’ablation est configurée en outre pour enregistrer
sélectivement un ou plusieurs signaux électriques.
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